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Most colleges offer a general education mathematics 
course for students whose background and interest are minimal 
and whose expected use of mathematics is limited to fairly 
fundamental topics. A review of the literature and the 
experiences of instructors revealed that the teaching of 
this course is generally mechanistic and skill-oriented. 
The students gain little ability to solve real-life problems. 
The real-problem-solving approach to the acquisition of 
mathematical and problem-solving skills is seen as a poten-
tial basis for a more effective general education course. 
This approach is exemplified by the Unified Sciences and 
Mathematics for Elementary Schools (USMES) program which 
provides a curriculum, teaching materials, and a guiding 
philosophy featuring real-problem solving and inquiry. 
The real-problem-solving curriculum was tried out in 
one of two sections of a general education college mathematics 
course while the traditional approach was used in the other 
section. This investigation, in the form of a case study, 
examined the experiences, insights, and frustrations of the 
instructor in planning and carrying out this approach. 
Teacher-made and standard tests and questionnaires were used 
to measure comparative gains in mathematical knowledge, 
changes in attitudes toward mathematics and classroom pro-
cedures, and cl.a.nges in problem-solving ability. 
'" ... --:.-.. -. -~~------ -··------··--'"·"" -·-~-------- ·-- ____ _.,._,.. ____ ,.,...__ .. __ ..., .. '"'.~· ... ~·· 
The instructor and the students had difficulty in 
adjusting to the emphasis on student-directed learning and 
real-problem solving~ however, all groups eventually com-
pleted investigations of real problems. The experimental 
class showed a greater improvement in attitudes towards 
mathematics and scores on tests of mathematical skills than 
the control section, but not significantly. Students in the 
experimental class showed better problem-solving abilities 
at the end of the seme~ter. Approximately as many students 
expressed a preference for the activity-oriented approach 
as expressed a preference for traditional teaching. Unex-
pected outcomes included difficulties which students had in 
working together in small groups and difficulties which the 
instructor had in presenting the problem-solving challenge. 
The major conclusion of the study was that the real-
problem-solving approach, with modifications depending on 
the instructor, goals of the course, and the students, can 
be considered as one of several viable alternatives to the 
traditionally taught, general education mathematics course • 
... - -;.-.. ....,.__~~·- ... --- --------·-· ·-~·· ------····--
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CHAPI'ER I 
REAL-PROBLEM SOLVING AND THE COLLEGE GENERAL 
EDUCATION MATHEMATICS COURSE 
The Problem 
Most two- and four-year colleges offer a semester or 
1 
a two-semester course in arithmetic, elementary algebra, and 
a variety of other topics for students whose background and 
interest in school mathematics are minimal and whose expected 
use of mathematics is limited to fairly fundamental topics. 
This course is usually a "liberal arts" mathematics course 
offered in partial fulfillment of the general education 
requirement and is the only mathematics course taken by 
students who do not expect to need any additional mathe-
matics. The students come to the course with a great range 
of abilities and goals, but all too often they have not 
mastered arithmetic operations, have only a vague idea of 
the use of formulas and algebraic operations, and either 
have never studied geometry or have barely grasped the 
deductive reasoning of such a course. Ultimately, they 
carry with them years of frustration in not being able to 
solve mathematical problems. Many will claim a dislike for 
mathematics and will admit to having a bad case of what is 
commonly called mathematics anxiety. Finally, many of these 
students do not expect to use any mathematics in their poten-
tial careers or major fields and would willingly settle for 
skills in consumer mathematics. 
2 
~1e faculty, in choosing topics to be taught in the 
liberal arts mathematics course, frequently determines very 
specific skills which are to be required of all students: 
arithmetic, elementary algebra and graphing, some intuitive 
geometry, perhaps some probability and statistics together 
with some business mathematics. Some textbooks written for 
this group contain a rehash of poorly learned arithmetic of 
junior high school, while others have offered essentially 
the sam'e list of topics: sets and logic, numeration systems, 
modular arithmetic, the structure of the real number system 
(approached axiomatically), geometric concepts, measurement, 
some probability and statistics, and perhaps a little mathe-
matics for consumers. These topics may fascinate mathemati-
cians who enjoy the abstraction and structure inherent in a 
study of modular arithmetic or truth tables, but the student 
who is struggling with the addition of fractions or the 
physical representation of a negative number will be lost 
and frequently bored in a class where such is the "bill of 
fare. 11 To these students the topics have little or no sig-
nificance. These students see little applicability for the 
topics presented, frequently can't answer questions correctly, 
and feel frustrated by the whole experience. 
Some textbooks have appeared in the past ten years 
which have shown some movement toward a choice of topics 
more relevant to "real-life applications," with a greater 
emphasis on everyday experiences. Nevertheless, the topics 
0. -I.· .. ~~-----:'F"'------·--~--····--~•" ----. --··--- -· --·-·--·.,---~-............. ~-···•c------
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to be studied in the liberal arts mathematics courses are 
still selected by the instructor, usually closely following 
a textbook, and all students in the class are expected to 
learn the same material. 
The method of teaching leaves as much to be desired as 
does the choice of topics. Most of the teaching is based on 
lecturing and assigning homework problems. Frequently the 
instructor goes over a few examples which the students are 
to copy down and use as a basis for doing exercises. There 
is little classroom involvement of the students. A few 
manage to do all the homework~ mos ·t either do not or cannot. 
Then the students are given a test on these problems as the 
only (or at least the "best") way of finding out how much 
they know. Those students who can "play the game" of mem-
orizing for tests earn the high grades but they still may 
not be able to use the algorithms and skills learned to 
solve any important problems. Thus, all too often the 
liberal arts mathematics course is characterized by what 
Alfred North Whitehead called "inert ideas": 
In training a child to activity of thought, above all 
things we must be aware of what I will call "inert 
ideas"--that is to say, ideas that are merely received 
into the mind without being utilized, or tested, or 
thrown into fresh combinations. 
In the history of education, the most striking 
phenomenon is that schools of learning, which at one 
epoch are alive with a ferment of genius, in a succeed-
ing generation exhibit merely pedantry and routine. 
Education with inert ideas is not only useless~ it is, 
above all things, harmful. (Whitehead, 1956, p. 13) 
.... -t,··-----~----=-·-- .. ---- .... --- .. --·-- ·--&.4 ------·-···------ .... . , •·•·~- •·· •-u .• -. ... ,_.._ .. _ .. ,.._ ......... - . ...., • ._ - . .. 
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As I look back upon my 20 years of teaching, mostly in 
college freshman and sophomore courses (first as a teaching 
assistant while in graduate school), I can see that for 
years I taught in the same w~y that I had been taught and 
had learned while I was in graduate school. In my classroom 
I presented a new topic with a reasonably sound mathematical 
explanation of why a theorem or formula was correct or why a 
technique to solve a problem worked, without worrying about 
why the topic or the mathematical fact had any importance to 
the student. It has taken me most of those 20 years to 
realize that teaching the quadratic formula or the Egyptian 
numeration system, important as these ideas may be in the 
proper context, made no sense at all to my students, and were 
nothing more than "inert ideas" as I was presenting them. 
I had to conclude finally that the hodgepodge of topics 
taught in a standard liberal arts mathematics course had 
little meaning, no coherence, and certainly no lasting value 
for most of the students. I could not be content with my 
role in this unacceptable process, I could not continue to 
inflict this kind of experience on my students, and I needed 
to begin a search for some sort of solution. Inasmuch as I 
held mathematics to be important not only as a discipline 
but also as a means for making reasonable decisions in every-
day life, I sought a way to provide an opportunity for stu-
dents to be able to use mathematics in as wide a realm as 
-t,_~.,--~~·---·-.. - ~---- ....... ___ ..... _. _____ .... _. ________________________ ,..__..,. .... ;:-.---· - . .. 
~~~-· 
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possible--in the social and natural sciences, in consumer and 
career-related areas, as well as in any other life problems 
which could be subjected to mathematicdl analysis. 
General Goals of Education and Mathematics 
The question of how to change the teaching of mathe-
matics cannot be answered properly without a consideration 
of some generally acceptable broad educational goals. It 
is fairly easy to justify the teaching of certain topics in 
algebra and trigonometry for students who have committed 
themselves to the study of engineering or one of the sciences, 
but it is not nearly so clear what topics and abilities are 
important for students pursuing careers in fields such as 
communications, the arts, or the social sciences. Students 
in these disciplines often do not recognize the need for 
specific skills to solve pertinent problems in subsequent 
courses, and hence they may lack motivation for learning. 
What then are the more general educational goals for a lib-
eral arts or a technical education which may be at least 
partly achieved in a mathematics course? What combinations 
of mathematical topics and instructional strategies should 
be emphasized? In short, of what importance is instruction 
in mathematics for the college student who must satisfy a 
general education requirement? 
A statement entitled "The Essentials of Education," 
sponsored by 12 professional educational organizations 
including the National Council of Teachers of Mathematics 
-~·-~~---.. ~~...,.. ·---·-- ... ~---- -···--··4 ----.... ---··----·--
6 
and the Association for Supervision and Curriculum Develop-
ment, focused on the following: 
Educators agree that the overarching goal of education 
is to develop informed, thinking citizens capable of 
participating in both domestic and world affairs. The 
development of such citizens depends not only upon 
education for citizenship, but also upon other essen-
tials of education shared by all subjects •••• 
More specifically, the essentials of education include 
the ability to use language, to think, and to communi-
cate effectively~ to use mathematical knowledge and 
methods to solve problems~ to reason logically~ to use 
abstractions and symbols with power and ease~ to apply 
and to understand scientific knowledge and methods~ 
to make use of technology and to understand its limita-
tions~ ••• (NCTM et al., 1978) 
Education should prepare persons to cope with the 
changes, conflicts, and complexities of the future, when the 
greatest challenges will be people- and process-oriented. 
This is a theme suggested by Geneva Gay as part of her call 
for revitalization in the 1980's. She listed the following 
goals: 
••• self-understanding, the capability to cope with 
change, critical thinking and decision making abilities, 
interpersonal relations and communications, the capacity 
for self-education, and tolerance for ambiguity. 
(1981, p. 80) 
Harry Broudy stated that general education must develop 
reasoning and thinking skills which go far beyond the learn-
ing of specific facts. What use do we make of our education, 
outside of our own field of specialization? He argued that 
while we can recall relatively little of the specific facts 
of literature, science, and social sciences, 11 • most of 
what is studied formally functions tacitly rather than 
explicitly in post-school life" (1982, p. 578). He continued: 
7 
• • • for even though the details are no longer recall-
able, they furnish a repertoire of images and concepts 
with which we think, imagine, and feel. They give 
richness to our response by a wealth of associative 
resources. • • • (p. 578) 
Broudy suggested that a possible general education cur-
riculum for K-12 (and presumably, this would also hold true 
for general education courses in liberal arts colleges) 
would include symbolics for information (linguistic, math-
, 
ematical, imagic), basic concepts of mathematics and sciences, 
developmental strands (of the cosmos, institutions, and 
culture), problem-solving, and exemplars in the arts and 
sciences (p. 577). All five of these strands are important~ 
indeed it is "only when subject matter is repeatedly encoun-
tered in a wide variety of materials that it becomes part 
of the very structure of mind" (p. 577). 
Mathematics, then, plays an important role in such a 
proposal, in terms of development of problem solving, learn-
ing of basic concepts of mathematics, and experiences with 
symbolism. George Polya, a pioneer in the heuristics of 
problem-solving in the mathematical arena, remarked on the 
singular role that mathematics education plays: 
This is the great opportunity of mathematics: mathe-
matics is the only high school subject in which the 
teacher can propose and the students can solve problems 
on a scientific level. This is so because mathematics 
is so much simpler than the other sciences. Because of 
this simplicity, the individual, just as the human race, 
can arrive so much earlier to a clear view in mathematics 
than in the other sciences. (cited in Kralik & Reys, 
19801 P• 2) 
-t,· .. _...~~··----- ···-----·-·---~·-- ----, -· ... ··~-·--
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The setting out of possible broad educational goals 
does not include any specific computational skills which 
students must have. Such a focus, all too common in today's 
schools, emphasizes functional skills. This has the effect 
of preparing students for narrowly defined, vocational roles 
and the passing of standardized tests, rather than educating 
students to meet the goals listed above. This does not mean 
that computation skills are to be ignored~ it simply means 
that they should be put in proper perspective. Many authors 
(Broudy, 1982~ Gay, 1981~ Simon, 1980) point out that mastery 
of basic skills and vocational competency are not sufficient 
to prepare students for adequate participation in society or 
for maximum personal fulfillment. The question then is how 
curriculum and instructional strategies in mathematics can 
be formed to help students achieve the broader goals? 
The literature contains many articles which call for 
major teaching changes in order to accomplish these far-
ranging goals. Geneva Gay suggested that: 
Far more learning situations should be created wherein 
students are simultaneously exposed to multiple, conflict-
ing stimuli wherein several, equally appropriate and 
attractive options are available~ wherein problems 
without apparent solutions are presented ••• and 
wherein no directions are provided except those that 
are offered by the students themselves. (1981, p. 83) 
Several programs in mathematics--particularly the Minne-
sota School Mathematics and Science Teaching Project 
(MINNEMAST), 1961-1970~ the Madison Project, 1961-1969~ and 
the Unified Science and Mathematics for Elementary Schools 
-;.-.. --~~~-- .. ·-·--·~---·--···--··-- ----.-. --·-----
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{USMES), 1968-1979--have emphasized a discovery-activity 
approach. These programs were guided by a concern for what 
students are interested in, an attempt to minimize rote-
learning, and an emphasis on the solutions of problems rather 
than the learning of specific facts and skills. 
It might be hoped that these more open approaches to the 
·teaching of mathematics would have paved the way for a gen-
eral change in the curriculum, but this has not happened. 
The evaluations of the programs have indicated mixed success 
{NACOME, 1975, pp. 30-31) and the prevailing mode of teaching 
still emphasizes the traditional approach. 
Goals in Mathematics Education 
Most statements about the goals of mathematics education 
in recent years have included as one of the most important 
that of problem solving. But this has not always been the 
case and frequently the fundamental aims include a wide 
variety of emphases. The 1963 Cambridge Conference on School 
Mathematics called for the acquisition of subject matter in 
grades K to 12 that would be equivalent to two years of college 
and a semester each of modern algebra and probability theory. 
Subject matter was emphasized. The 1967 Cambridge Conference 
on the Goals for the Correlation of Science and Mathematics 
sought to balance the curriculum changes which were moving 
at that time toward the so-called "new" mathematics of the 
1960's. The 1967 conference report stated that the main 
goals of the educational system are not only to "bring every 
... - -:.-.. .__.....~-.·------ --~---- 40~--~-·· .... ----;---····~----- - . .. 
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child to a level of literacy and competence which will enable 
him to become a productive member of our society" (Cambridge 
Conference, 1969, p. 4), but also to help the student to be 
able to think through specific problems as well as to master 
techniques. In order to be able to deal with the political 
and technological problems of the world in which they live, 
students will need to be able to find solutions through "deep 
scientific thinking." The report made this very forceful 
statement: 
Each child must be convinced that his thinking is 
worthwhile. This is basically a matter of respect. 
The child must learn to respect his own thinking. 
To do so, the child must see that his own thinking can 
improve his ability to cope with the world. His teach-
ers must respect his thinking, and they must have cur-
ricular materials which will call forth in him a 
response honestly worthy of respect. (p. 6) 
Herbert Fremont, in his Teaching Secondary Mathematics 
Through Applications, held that mathematics teaching should 
develop student awareness in five different directions: 
1. mathematics helps us to understand our environment 
2. mathematics is the langua~e of science 
3. mathematics and society are interdependent 
4. mathematics is an abstract system of ideas, and 
5. mathematics is the study of patterns. (1979, pp. 3-6) 
Fremont argued that mathematics is not two-dimensional--
subject matter and problem solving--but rather involves also 
symbolic language, applications, and an abstract system of 
definitions, theorems, and proofs. Mathematics is multifac-
eted and the teacher should attempt to help the student to 
understand all of its aspects. As Fremont pointed out: 
-;.-. ....,..._~~----·-·· .. ------~-·--·- ... -----. _.- ... ·---- ------------------..-~ ... -~-,.._, .. ..._. 
Emphasizing the interaction of mathematics with the 
culture, as well as its role as a tool for, and the 
language of, science does not mean that we shall mask 
its true identity and nature. Whatever else it may 
be, mathematics is still an abstract system of ideas 
and must be seen as such by our students. Thus, as 
students use mathematics to solve problems, we shall 
have to be prepared to indicate clearly how the math-
ematics 11 thing 11 and the physical 11 thing 11 are not one 
and the s arne. (p • 4 ) 
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The task of teaching mathematics is thus made more difficult 
and complicated if one is to try to accomplish all these 
goals a.s well as to help students prepare for competency 
tests in the basic skills and to develop problem-solving 
abilities. 
The National Council of Teachers Agenda for Action 
expanded on the goals of problem-solving and basic skills, 
and in so doing further complicated the job of the teacher. 
This report recommended that mathematics programs should 
give students experience in formulating key questions, 
defining problems and goals, discovering patterns and similar-
ities, searching data, trying out possible strategies, trans-
ferring skills, and being a~e to apply previously learned 
knowledge to mathematics and other disciplines. 11 Mathematics 
teachers should create classroom environments in which prob-
lem solving can flourish 11 (1980, p. 4). In addition, the 
report reflected the almost universally accepted 11 agreement 
among parents, educators, and mathematicians on the need for 
teaching basic skills with greater effectiveness 11 (p. 5). 
Such skills as estimation and approximation, constructing 
and interpreting charts and graphs, appropriate computational 
12 
skills, measurement, and computer literacy are also to be 
included in an instructional program. 
Among the many and varied goals, teachers must choose 
their own workable set of goals, which may differ depending 
on the particular course and group of students. Because of 
the difficulty of accomplishing all of the goals set out by 
educators, it is necessary to make some choices, which will 
be based on personal values and the goals of the institution 
in which the teaching takes place. 
Guiding Assumptions and Values 
Every curriculum should be developed in the context of 
a set of values and a set of convictions about how people 
learn. These assumptions form a framework which can clarify 
the goals of the curriculum planner. They serve as a basis 
for deciding which of competing strategies in teaching should 
be used and help to explain why some elements of curriculum 
are included and others are excluded. 
Man is seen as a dynamic being acting holistically 
in relationship to the environment. Persons are not perceived 
as being separate from the world, as objects defined in terms 
of membership in classifications or according to personality 
attributes, but rather they are seen as acting within the 
environment and with other persons. Macdonald, Wolfson, and 
Zaret (1973) expressed these ideas as follows: 
Man experiences holistically~ his physiological, 
intellectual, social, and emotional development occurs 
and is experienced totally rather than discretely •••• 
·••- -'l:,·v~""~_,_.--.;:,·-.•---- -·--~----·•·-•-..o ----. ---··-----
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11 Learning 11 emerges in the flow and continuity of man's 
total experiencing and growing~ growth is not a static 
process, nor can there be static outcomes of "learning. 11 
(pp. 81 9) 
Learning does not take place in discrete, disconnected exper-
iences but rather must involve inner and outer experiences 
which are interconnected and must emphasize equally exper-
iences from the past, present, and future. 
The person is more important than the subject matter 
being taught. Indeed, to assume that all persons must learn 
some fixed set of skills or subject matter is to assume a 
mechanistic point of view. In this view, schools are seen 
as factories in which the raw products (students) are to be 
shaped. This violates the holistic outlook and fragments the 
educational process. Macdonald et al. wrote: 
Traditional emphasis on the so-called 11 basic skills 11 
for making it in our society (reading, writing, arith-
metic) implies that these skills can be separated out 
both from the larger cultural context in which they are 
to become operative and from the personal-holistic 
context of human development • • • the prevailing 
approach has not been meeting its aims. • • • Yet 
the fragmented focus on isolated 11 learning of skills 11 
is continued in new waves of intensive 11 teaching"that 
can only be terrorizing to • • • children and self 
defeating in the long run. (pp. 20, 21) 
The role of education should first be one of developing 
a student's self-confidence, self-learning ability, problem-
solving and decision-making skills and self-understanding. 
Schooling should be liberating instead of controlling and 
allow for a wide variety of experiences, appropriate to each 
individual. 11 The desirable environment is one which promotes 
growth and fosters inner freedom 11 (Harman, 1972, p. 23) • 
... - _, .. ....--...... ....--.c"'-__..,.·.--- --·--------··-··· --~-·-···---
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A sense of how people learn comes from John Dewey who 
argued for the creation of challenging environments within 
which students would interact in such a way as to produce 
autonomous individuals prepared to live creatively in a par-
ticipative democratic state. Education is seen in terms of 
the cognitive-development theory of psychology, which holds 
that the child develops through a "reorganization of psycho-
logical structures resulting from organism-environment inter-
actions 11 (Kohlberg & Mayer, 1972, p. 457) through which the 
child moves from stage to stage in development. It empha-
sizes liberty, development, and democracy. For such learning 
the teacher needs to be supportive and try to stimulate 
interest while being non-authoritarian. 
From these basic assumptions follow some specific state-
ments concerning teaching: 
1. One of the main concerns in teaching should be for 
what the students are interested in, what they wish to learn 
or know, and what sort of problems they wish to solve. 
2. Successful experiences will help develop self-
confidence and excitement about the process of learning. 
3. Activities in the classroom should help the personal 
growth of each student and strengthen the student's self-
concept. 
4. Experiences in the classroom should help the stu-
dent learn to work in a group cooperatively, sharing and 
respecting the opinions and ideas of others. 
... - -~.-.... ---~--.·----- -·~.._~---··· -·· .. -----· ... ·---·- ·- -·~- ... ··---~-------- ... ·.,-~ ........ 
5. The student should be able to choose from among 
several options for learning and take responsibility for 
the consequences of those decisions. 
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6. The teacher should serve as a collaborator and 
resource person, and as such should continue personal learn-
ing and growth. 
7. Education should emphasize transactions in learning--
which occur when the students do something to the facts and 
the facts, in turn, do something to the students--by rendering 
the experience more intelligible and by helping the students 
see the relationships between themselves and their environ-
ment. 
From these guiding assumptions and statements, it fol-
lows that the particular goals for teaching mathematics 
will go beyond that of merely teaching mathematical con-
cepts. In order to assist in the developnent of "informed, 
thinking citizens," the experiences a student has in a math-
ematics class must develop the ability 11 to use mathe-
matical knowledge and methods to solve problems~ to reason 
logically: to use abstractions and symbols with power and 
ease • • • 11 (NCTM et al., 1978). The choice of topics and 
teaching strategies should help students develop the problem-
solving and analytical thinking abilities necessary for 
informed, confident, and capable citizens. 
·• ... -t,·.,~w~.,.......---.;,~~ ... ---·- ·~ ·---~--·~·--·· .. -----. -···-----
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Student-directed Learning 
Development of autonomy will not take place in a 
teacher-directed learning situation. Usually the general 
education mathematics course and most college mathematics 
courses are taught traditionally where subject matter is 
imposed from above and the student receives the subject 
matter passively. With this approach the students are con-
sidered less important than what is being taught. They are 
not asked or even allowed to take responsibility for their 
own learning. Since one of the aims of education should be 
to help students learn to respect their o\'vn thinking, they 
should be taught in such a way that they can come to see 
that their own thinking can improve their ability to cope 
with the world. Malcolm Knowles listed four reasons why a 
course should emphasize self-directed learning: 
• • • there is convincing evidence that people who take 
the initiative in learning learn more things, and learn 
better, than do people who sit at the feet of teachers 
passively waiting to be taught ••• that self-directed 
learning is more in tune with our natural processes of 
psychological development • • • many of the new develop-
ments in education ••• put a heavy responsibility on 
the learners to take a good deal of initiative in their 
own learning. • • • When a person leaves schooling he 
or she must not only have a foundation of knowledge 
acquired in the course of learning to inquire, but more 
importantly, also have the ability to go on acquiring 
new knowledge easily and skillfully for the rest of his 
or her life. (1975, pp. 14-16) 
Hence, one of the problems to be examined by the inquiry is 
whether or not it is possible to develop a method of teaching 
based on a commitment to individualization of instruction 
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and the development of the autonomy of the learner, a method 
which at the same time is also effective in meeting the 
various goals of a good mathematics course. 
What Is Being Done about the Problem 
Some educators are aware of the problems as outlined, 
and the literature contains a number of attempts to provide 
a different direction for the general education mathematics 
course. Barbara Lederman (1977) has surveyed the community 
college basic mathematics courses, and she pointed out: 
Educators believe that the community college should 
offer at least one year of mathematics which is general 
in appeal, challenging in content and useful in everyday 
life. 
In view of these conclusions, two philosophies have 
risen. One emphasizes the mastery of skills, the other, 
the importance of critical and analytical thinking and 
understanding. Both schools, however, want a mathematics 
course to be a course in, and not merely about, mathe-
matics. The tendency is for basic mathematics courses 
to combine both schools of thouqht through stressing the 
use of mathematics as well as its logic and meaning 
and to no longer require memorization of formulae and 
complicated theory. 
While most educators agree that there is a need 
for a basic mathematics course for the non-technical, 
non-mathematical student, disagreement still exists over 
what topics to offer, how much of a topic to teach, to 
whom and for whom to offer and create new mathematics 
courses. (p. 31) 
John Brevitt (1975) investigated the offering of four dif-
ferent syllabi to freshmen at Western Kentucky University 
following a cultural approach, a historical approach, a 
utilitarian approach, and the traditional modern approach. 
Other authors (Billie, 1976~ Duncan, 1971~ Steger & Willging, 
1976) wrote of attempts to try out different approaches. 
'' '* -f.,~ .. --.--... 'C"·--~""'~------- ~--*--- ·••- _a.~ 
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However, a common characteristic of all of these attempts 
at innovation is that teaching remains relatively teacher-
centered and the textbook usually dictates what materials 
are to be covered. 
An alternative approach to learning mathematics--the 
real-life problem-solving approach--has had some recent 
successes on the elementary and junior high school levels. 
Called the Unified Sciences and Mathematics for Elementary 
Schools (USMES) project, it had its genesis in John Dewey's 
Laboratory School at the University of Chicago, where chil-
dren learned about the world they lived in by being involved 
in projects or problems rather than passively following 
information given by the teacher. This project was one of 
the indirect results of the 1967 Conference on the Goals for 
the Correlation of Science and Mathematics and was headed by 
Dr. Earle Loman, a participant of the conference, from its 
inception in 1970 to its formal conclusion in 1978. 
USMES ~ndeavors to help students develop the ability to 
make informed decisions on matters of particular importance 
in their own lives through the repeated exposure to compre-
hensive real-problem-solving situations. A "real problem" 
means more than the usual use of the term, that of a problem 
with the boundaries carefully stated, controlled, and made-up, 
with a correct solution to be found by applying previously 
taught methods: 
-t,·..-~-~--.·--- --~--------·--··- -----_.-·-··---
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• • • problems which are real in the above ways may 
have many educational uses, but they will not prepare 
a person to cope with the complicated and many-faceted 
problem situations met in real life. • • • in USMES 
a "real-problem 11 connotes a practical, immediate imped-
iment to a good, safe, or pleasurable living. Is the 
ca.feteria service lengthy, crowded, or wasteful? Is 
the classroom a good place to learn? Do people have 
difficulty crossing the street near the school? What 
are the best products to buy with our budget? Such 
problems challenge children and have a range of attri-
butes met only in problems that are real in this sense. 
(Loman, Beck, & Arbetter, 1975, p. 54) 
Dealing with problems involves identifying the variables, 
seeing if they can be quantified, making observations, 
setting up a model, discussing with others, and making value 
judgments. 11 The cognitive skills needed are flexible and 
integrative, not specific and hierarchical" (Loman et al., 
1975, p. 55). 
An USMES unit gives the students a challenge to solve a 
practical problem which may lead to an improvement in the 
situation being investigated. These problems should be man-
ageable for elementary students and should require students 
to use concepts and methods from science, mathematics, social 
sciences, and the language arts. The "practicality of the 
problem not only motivates the students, but provides a cri-
terion (try it and see if it works) for judging the correct-
ness of hypotheses and conclusions" (Loman et al., 1975, 
p. 56). 
In working through a unit, the teacher is expected to be 
a guide but not a director, to ask stimulating questions but 
,· 
not to supply the answers. The program has been characterized 
-t,·.,.·-~~~ .. ---·-•- ·---- -·--···-··..., ----~--···----- -· •• ..... ,,. .. ,., ,._,..,;,...,_.._·...,.~.-~ ... -.r.-··-•·· - . .. 
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by the motto "a large amount of freedom of choice based on a 
small amount of directed learning." The teacher presents 
the children with a challenge or several challenges, which 
may arise from discussing issues in a broader context. The 
class as a whole must be willing to accept the challenge. 
The students are then expected to spend from 45 to 60 hours 
in investigation. They work in groups and each group may 
work on a different aspect of the problem depending on inter-
est and ability. The approach puts more of a burden on the 
teacher but provides more flexibility for children (USMES, 
1976b, pp. 6-8). 
The USMES program provides a potential model for the 
college-level liberal arts mathematics course. Students can 
be given the opportunity to explore questions of immediate 
importance to them and the mathematics which is learned will 
be acquired within the context of solving a meaningful prob-
lem. Since these students are in a terminal course, there 
is no clear need for learning particular mathematical skills 
to be used in a later course. However, the gap between the 
description of the USMES project by its chief proponents and 
the actual use of its ideas in a college classroom is wide 
indeed. How easily will college students who have been 
through 12 years of traditional teaching be able to change 
to a new system of learning? The class schedule of two or 
three 50-minute meetings a week is considerably different 
from the schedule in the elementary schools7 how will this 
~~ _ _, __ - ~:-·. ..... -t,· .. ~¥~.,........-...,~~·'"'!"""---- ---------·· ··-·· ... -----·-··--- -· -·---------· -~-..... --,..,-- ..... ~-- ... ·· 
affect instruction? Materials appropriate for college 
students will need to be substituted for USMES materials. 
In what way can this be done? 
Purpose of the Study 
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Earlier in this chapter the problems currently found in 
the traditional teaching of a general education college 
mathematics course were outlined. It is noted that a variety 
of changes in curricula have been tried with some success, 
but all were characterized by a teacher-oriented rather than 
a student-centered approach. None of these experimental 
courses involved the students in inquiries of direct impor-
tance to them. Thus, the problem of this study is to develop 
a general education mathematics course for college freshmen 
featuring the real-problem-solving approach based on the 
guidelines and concepts of the USMES program and emphasizing 
self-directed learning. 
A search of the literature did not reveal any other 
attempts at using the USMES approach on a college level. 
Furthermore, Dr. Earle Loman indicated in a personal communi-
cation that he was not aware of -any use of an USMES approach 
in a college liberal arts mathematics course anywhere in the 
country and he felt that such an approach would be appropri-
ate. Because of the potential it had for helping students 
to learn in a meaningful way, a clear need existed to find 
out what happens in the classroom where it is used • 
.. . -t,·"~~---:-------- ·-·--·--··-· _ ..... ____ ___..,.._ ...... ,. ___ _ 
In the Winter of 1979, when the study was begun, the 
author was teaching two sections of the second-semester, 
general education mathematics course at Bennett College, 
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a small, liberal arts, Methodist college for women in Greens-
boro, North Carolina. A modified problem-solving approach 
was tried in one of the two classes and the second class 
was taught in the traditional way. At the beginning of the 
course each student was asked how she would solve a problem 
of a "best buy" and was given a 20-question attitude inven-
tory concerning her feeling toward mathematics. The students 
in the experimental class were asked to work through an 
USMES-type "challenge" in small groups, to hand in notebooks, 
and to keep a record of their impressions of their attempts 
to solve the problems they were investigating. The author 
kept a personal journal of his own impresHions and a narra-
tive of w~at was happening in the class. At the end of the 
semester the attitude inventory was again given, the students 
in each class were asked to evaluate their experiences, and 
each student was given a teacher-made test on mathematical 
skills. 
Guiding Questions of this Inquiry 
The following questions served to focus the efforts of 
the inquiry: 
1. What happens in the classroom where the real-problem-
solving approach is being used? 
-;."""'~""~~~~----- -·-- ... --~-···- ...... ----. -_ -···~--- -- ---~-------~-.---,..-: ... ~---··· 
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2. What changes in attitudes take place during a semes-
ter course? 
3. What changes in the ability of students to take 
responsibility for their own learning take place? 
4. What mathematical ideas and skills do the students 
learn? 
5. What are the unanticipated outcomes--both negative 
and positive--resulting from the use of the materials? 
6. What experiences, insights, frustrations, and 
feelings of accomplishment does the teacher have in working 
with students in this kind of classroom situation? 
Two further questions which have been previously dis-
cussed are listed below: 
7. Can a method of teaching based on a commitment to 
individualized instruction and the development of the auton-
omy of the learner be devised which at the same time is 
effective in meeting the various goals of a good mathematics 
course? 
8. Can college students who have been through 12 years 
of traditional teaching change to a new system of learning? 
Plan of the Study 
Chapter I offers an introduction to the problems of 
teaching the college general education mathematics course in 
a meaningful and humanistic way. It discusses some general 
goals in mathematics education and describes the real-problem-
solving approach to teaching mathematics. The chapter also 
----- -·--~---~---e•.O ----. ~, _ ...._ .. .,. ___ _ 
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outlines the broad aspects of the dissertation problem and 
the questions to be considered. 
Chapter II considers the college general education 
mathematics course and alternatives to the traditional 
methods of teaching--for example, the prototype project 
(USMES) and other attempts at the real-problem-solving 
approach. The chapter concludes with a rationale for the 
naturalistic method of research used in the investigation. 
Chapter III details the teaching and learning activities 
in the classroom and the procedures used in the study. 
Chapter IV includes the observations and findings of 
the inquiry. 
Chapter V presents a summary and evaluation of the 
findings, some answers to the guiding questions, and recommen-
dations for future attempts to use the real-problem-solving 
approach in the mathematics classroom. 
-t,.-.._,._~~·- .. ----- --·-- ... ----------· ----~--··----
CHAPI'ER II 
THE REAL-PROBLEM-SOLVING CURRICULUM AND THE 
RESEARCH METHODOLOGY 
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The sections in this chapter give substantial background 
from the literature to the two main themes of the investiga-
tion, namely, the college general education mathematics 
course and the real-problem-solving curriculum. In addi-
tion, the research techniques used to arrive at conclusions 
about the questions being explored in this study are exam-
ined. The first section focuses on the general education 
mathematics course. Viewpoints of mathematics educators, 
recommendations of an officially recognized panel of mathe-
maticians, surveys of the status of the course in the 1970's, 
and recent attempts to make the course more effective, signif-
icant, and enjoyable, are presented. The second section 
deals with problem solving, and presents an in-depth look 
at the real-problem-solving curriculum and the Unified 
Sciences and Mathematics for Elementary Schools (USMES) 
project. The third section considers why the various 
attempts to improve the course have been generally unsuccess-
ful. Finally, the naturalistic method of research which was 
used in the investigation is explored. 
The College General Education Mathematics Course 
The content and the teaching of the usual liberal arts 
course offered to freshmen at many colleges and universities 
-;.~--..__,.-~-.---.:'-·_......,. _____ , .. --~-- ---- -·· .. ---~--- ... -- •- • · · ... -..o~. '" .. _il••••·•-~.:"--_., .... ·.r- ._ .... 
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leaves much to be desired. Recommendations with regard to 
the general education mathematics course and the status of 
this course in the 1970's are summarized below. The theoret-
ical and recommended teaching practices are explored here, 
along with attempts to narrow the differences between theory 
and practice. 
Theoretical Considerations and Recommendatidns 
Henry Adler (1965), writing in The American Mathemat-
ical Monthly at the time he was secretary of the Mathematical 
Association of America, pointed out that official recommen-
dations had been made previously for appropriate mathematics 
courses for prospective teachers, research mathematicians, 
and users of mathematics (those going into the physical 
sciences, engineering, biology and management), and there was 
"much evidence that something should also be done for the 
large mass of students, such as those majoring in the human-
ities and some of the social sciences, who do not require a 
mathematics course as part of their training in the 
• II (p. 41). maJor. • • A beginning course in mathematics, 
which in 1965 would most likely have been taught with empha-
sis on "definition-proof-theorem" and on the general under-
lying principles, was not sui tabJ.e, he argued, for the many 
students in the humanities and social sciences, in the same 
way a technical course in musical composition was not appro-
priate for the potential student of mathematics. 
-·----·--- --- --------~-.. ---.--..-.-- ........ .. 
Norman Locksley (1970) in his article entitled "Why 
Should a Nice Liberal Arts Student Study Math?" suggested 
three reasons for taking such a ·~ourse: 
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Everyone needs a certain body of mathematical informa-
tion just to function effectively in today's world ••• 
the essence of mathematics is the power of logical 
thought. 
Mathematics is the only exact language of change. 
• • • What does one use to keep up? Mathematics is the 
tool and language of discovery • 
• • • Because mathematics is there •••• if we 
believe that a liberal arts education should include 
that which is universal and classical as well as that 
which is relevant and applicable--well, isn't mathe-
matics both? (pp. 622-623) 
What then should such a course entail? Adler (1965) suggested 
that the course should give the students an appreciation of 
mathematics "as an exciting, valuable, vital and human ere-
ation • • • " (p. 62). Moreover, the course should emphasize 
mathematical ideas, and Adler suggested such topics as the 
infinity of primes, the fundamental theorem of arithmetic, 
strange algebras, and the representation of numbers. He 
felt that the main change should be in the way the course is 
taught and suggested avoiding excessive emphasis on manipula-
tive skills, requiring formal proofs of those statements 
which are obviously true, and unnecessary terminology. Jack 
Forbes (1972), reflecting a different concern, cautioned 
against merely replacing meaningless drill with meaningless 
emphasis on structure and rigor: 
Some "deadwood" has been stripped from the curriculum~ 
some remains. However, some has merely been replaced 
by "deadlier-wood." When meaningless computational 
drill is merely replaced by meaningless recitation of 
~~ .. ----- -~-. 
multisyllabic words or meaningless reproduction of 
memorized proofs it is difficult to see the gain. 
Furthermore, some quite 11 livewood 11 may have been lost 
in the rapid movement toward 11 structure 11 and 11 rigor 11 
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at the possible expense of intuition and understanding. 
It is certainly important to be able to prove a theorem. 
It is even more important to "believe it", to 11 know 
what it means" , and to "know why you should want to know 
it. II (p. 480) 
Partly in response to Adler 1 s call for a definitive 
statement about the content and proper instructional strat-
egies in a college-level liberal arts course, a panel was 
established by the Committee on the Undergraduate Program in 
Mathematics (CUPM), a standing committee of the Mathematical 
Association of America which considered various issues about 
curriculum in undergraduate mathematics programs and courses. 
The panel was directed to consider the nature of a course for 
non-mathematics majors with weak backgrounds in mathematics. 
It produced a report entitled "A Course in Basic Mathematics 
for Colleges," (CUPM, 1971), which considered the difficul-
ties of providing a single mathematics course to meet the 
needs of those for whom remediation is recommended, of poten-
tial elementary school teachers who need computational skills 
and an understanding of certain concepts (sets, number sys-
tems, numeration, geometry), and of those who need some math-
ematics but who have a dislike for the subject. The key 
recommendation was summarized in the following two sentences: 
We propose the replacement of some of the currently 
existing basic mathematics courses by a single flexible 
one-year course, A Course in Basic Mathematics for 
Colleges ••• , together with an accompanying mathematics 
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present 
The CUPM panel envisioned that this course would provide 
remedial help for students in the suggested mathematics lab-
oratory and would cover sufficient standard topics to allow 
the students to continue in the usual algebra-trigonometry 
sequence if they decided to do so. Thus the proposed course 
should include material on simple algebraic formulas, handling 
simple algebraic expressions, the distributive property (com-
mon factor), setting up and solving linear equations in one 
or two variables, the beginning of graphing, and the rudiments 
of plane geometry. In addition, nonlinear relationships, 
the computer, and statistics and probability could be 
included. Not all of these topics need be covered~ others 
could be substituted. 
Inherent in the recommendations was emphasis on a new 
approach appropriate to students who had been "turned off" 
by high school mathematics. The panel recommended using 
flow-charting and computer-related ideas as a focus around 
which the various topics would be taught. The panel empha-
sized that mathematical ideas should be related to the every-
day lives of the students: 
Topics of everyday concern, such as how bills are pre-
pared by computer, calculation of interest in install-
ment buying, quick estimation, analyses of statistics 
appearing in the press, and various job-related algebraic 
and geometric problems, are mainstays of the syllabus. 
- . -. 
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We have tried to make the proposed course coherent~ 
that is, after a topic is introduced, it should be 
used in other parts of the course and not left dang-
ling. The students must be actively involved through-
out the course and should be encouraged to formulate 
problems on their own, based on their experience. 
Full advantage should be taken of playful impulses of 
the human mind~ interesting tricks and seemingly magic 
ways of solving problems are to be exploited. (CUPM, 
1971, p. 260) 
The differences in the recommended topics of Adler, 
those of interest particularly to mathematicians but accessi-
ble to non-mathematicians, and the topics of everyday con-
cern recommended by the CUPM panel, were quite striking. 
But the CUPM recommendations in 1971 were the result of a 
small but growing concern for real or 11 everyday problems 11 in 
mathematics classes, together with a de-emphasis on proof, 
a concern which had developed throughout the 1960's. One of 
the leading critics of the emphasis on abstract mathematics 
was Norris Kline, who forcefully argued for the kinds of 
reforms suggested by the CUPM report. 
In the Spring of 1958, when he addressed the Thirty-
sixth Annual Meeting of the National Council of Teachers of 
Mathematics, Kline (1958) argued the 11modernist approach 11 
was ill-advised for sever.al reasons. First, the ability to 
appreciate rigor must be developed, not assumed, and second, 
it ignored the basic reason for the existence of mathematics 
and the chief motivation for the study of mathematics, which, 
he claimed, was the investigation of nature. He argued 
that: 
... , ... -:.·-.. -,.-..,. .. ~~·-""'<·~--....,..·----·-~-----~~-··-··-4 -------·------~ 
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Mathematics is significant and vital because it is the 
chief instrument for the study of the physical world. 
On the other hand, the pure mathematics which modernists 
wish to present is a pointless mathematics, a manipula-
tion of meaningless symbols which can appeal only to an 
esoteric group. (1958, p. 424) 
Finally the modernist approach failed to present the life 
and spirit of mathematics, the creative, inventive process 
which derives ideas from real problems, formulates relevant 
questions, derives a potential conclusion intuitively, and 
proves the argument deductively as the last step. 
Throughout the 1960's and 1970's Kline presented his 
argument. He was the·author of a textbook, Mathematics for 
Liberal Arts (1967), specifically written for the general 
education course. This text, which required the same sort 
of sophisticated reading skills and interest in liberal 
arts education as a student would need to tackle a music 
appreciation textbook, featured a historical approach to 
mathematical topics. In the preface, Kline wrote: 
I believe as firmly as I have in the past that a math-
ematics course addressed to liberal arts students must 
present the scientific and huma~istic import of the 
subject. Whereas mathematics proper makes little 
appeal and seems even less pointed to most of these 
students, the subject becomes highly significant to them 
when it is presented in a cultural context. In fact, 
the branches of elementary mathematics were created 
primarily to serve extra-mathematical needs and 
interests. • • • 
The historical approach has been retained [from 
his previous text, Mathematics: A Cultural Approach] 
because it is intrinsically interesting, provides moti-
vation for the introduction of various topics, and gives 
coherence to the body of material. Each topic or branch 
of mathematics dealt with is shown to be a response to 
human interests, and the cultural import of the tech-
nical development is presented. I adhered to the 
principle that the level of rigor should be suited 
to the mathematical age of the student rather than 
to the age of mathematics. (1967, p. v) 
Topics in the textbook included logic, number, the nature 
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and uses of Euclidean geometry, mathematics and painting in 
the Renaissance, formulas in applications, trigonometric 
analysis of musical sounds, the statistical approach to the 
social and biological sciences, and the nature and values 
of mathematics. It would take an instructor of considerable 
breadth and a somewhat more sophisticated student than nor-
mally populates a freshman mathematics class to be able to 
handle such a textbook, but the text clearly presented a view 
of mathematics as a powerful force in the development of our 
civilization. 
Six years later in his controversial book, Why Johnny 
Can't Add, Kline (1973) called for a broad rather than a deep 
education for the large percentage of students who do not 
specialize in mathematics: 
It should be a truly liberal arts education wherein 
students not only get to know what a subject is about 
but also what role it plays in our culture and our 
society. (p. 145) 
Mathematics should be taught in its proper relationship to 
other human interests as part of a "broad cultural mathe-
matics curriculum." Furthermore, motivation for the non-
mathematician must come from a study of real, largely 
physical problems~ it should not be motivated in mathemat-
ical terms. Going well beyond the proposal of the CUPM 
panel, Kline argued that most mathematics courses in high 
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school and the first-level college course should emphasize 
motivation through applications: 
The motivation must be presented along with the topic 
taught. It will not do to assure students that they 
will some day appreciate the value of the mathematics 
they are asked to learn. If a subject has any value, 
then as Whitehead points out, the student must be able 
to appreciate its importance immediately •••• 
Would real problems meet the interests of young 
people? They live in the real world and, like all 
human beings, either have some curiosity about the real 
phenomena or can be far more readily aroused to take an 
interest in them than in abstract mathematics. Hence 
there is an excellent prospect that the genuine motiva-
tion will also be the one that interests students, and, 
indeed, some limited experience has shown this to be 
the case. {pp. 150, 151) 
As a summary to Why Johnny Can't Add Kline listed five 
pedagogical principles: {1) to teach students to pursue 
knowledge as a part of a liberal arts education, to think 
and not to follow~ {2) to introduce concepts in the histor-
ical order~ {3) to replace deductive proof {important math-
ematically but a disaster pedagogically) with an intuitive 
argument with pictures, heuristics, analogies, and physical 
arguments~ {4) to emphasize the development of critical 
thinking~ and {5) to use a deductive proof as a final step 
with the level of rigor suited to the students' levels of 
development. His principles set a high standard for the 
teaching of mathematics, perhaps unrealistically high. An 
examination of the goals of Adler, the CUPM recommendations, 
and Kline reveals how far apart these were from the actual 
choice of topics and teaching which took place in the 1970's • 
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Mathematics Courses in the 1970's 
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Several authors and study groups undertook to assess the 
status of the college general education mathematics courses 
found throughout the United States at various times in the 
1970's. In addition, they also presented their own recommen-
dations for what should be taught and what the method of 
teaching ought to be. 
Writing in The American Mathematical Monthly, Edwin 
Spanier (1970) reported results of his interviews with stu-
dents enrolled in various mathematics courses, not just the 
liberal arts courses. He found that the students 
exhibited narrowness of training, lack of mathematical 
taste, lack of intellectual curiosity and no se~se of 
responsibility for their own education. • • • LThis is) 
the fault of graduate schools, both through their 
requirements on entering students and through the train-
ing that they give to future college teachers. (p. 754) 
Here were mentioned two themes to be repeated in later 
reports, namely the narrow training of college teachers and 
the lack of any sense for self-directed learning on the part 
of the students. Dorothy Bleyer, in her 1977 dissertation on 
the attitudes of students toward mathematics, reported that 
a majority (5~~) of the students held attitudes toward 
mathematics which were significantly negative. Responses 
given by students in her investigation indicated that women 
had "observably different" attitudes than men and were more 
negative (1978, pp. 5972-73). 
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Douglas Aichelle (1971) described an investigation of 
the effects of a "terminal mathematics course 11 taught in a 
traditional manner on the change of attitudes toward math-
ematics. The course was required for graduation for students 
who did not take a more advanced course. The percentage of 
students indicating agreement with the statement 11 Most work 
in mathematics is the memorization of information" increased 
from 20% for the pretest to 43.1% on the posttest. A second 
significant change in attitude, again toward a more negative 
viewpoint, occurred with the statement "Almost all present 
mathematics was known at least a century ago"~ only 9.3% 
agreed at the beginning while 27.7% agreed at the end of the 
course. The students had gained some strong impressions 
about mathematics which were not intended by the instructor. 
Aichelle summarized: 
Many of the students believed that there is usually some 
rule to follow in solving problems, but that mathematics 
did not help them think according to strict rules. It 
was anticipated that more students would conceive of 
mathematics as a field for creative people to enter 
with emphasis placed on originality and a good sense 
of logic. Findings from this part of the Attitude 
Scale suggest that the creative aspects of mathematics 
were not promoted or explored to the desired extent. 
(p. 204) 
Aichelle called for some changes in content, methodology 
and activities, and concluded that the "results of this 
research indicate certain areas of responsibility for the 
instructional staff • • • 11 (p. 205). 
Another investigator (Shevokas, 1975) found a deteriora-
tion in attitudes in a traditionally taught class, while 
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others (Olson, 1976~ C. Smith, 1975) found no significant 
changes in attitudes. 
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Four summaries appeared in 1973, 1974, 1977, and 1978, 
all of them in the Two-Year College Mathematics Journal. 
Unlike The American Mathematics Monthly, which covers almost 
exclusively problems of curriculum and instruction for courses 
for the mathematics major, and the Mathematics Teacher, which 
focuses on curriculum and instruction in secondary schools, 
the Two-Year College Mathematics Journal regularly brings to 
the attention of its readers the problems and successes of 
college courses in mathematics for non-mathematics students. 
The first article, by s. K. Stein (1973), focused on 
the 11 captured student, 11 a phrase which 11 was chosen to convey 
the mood of failure, fear, frustration, and perhaps the 
hatred that such a student frequently brings to his math-
ematics class 11 (p. 62). Stein's survey, carried out in 1971, 
involved two-year colleges 11 in part because the problem of 
mathematics for the captured student is acknowledged there 
frankly and clearly, and in part because four-year colleges 
and universities contain, whether they admit it or not, 
two-year colleges 11 (p. 62). William Mitchell (1974) surveyed 
over 2000 two-year college catalogs for the period 1970-1973. 
Barbara Lederman's survey (1977), "The Community College 
Basic Mathematics Course, 11 already mentioned in Chapter I, 
was based on a search of the literature of the 1960's and on 
surveys which she conducted. Finally, Charles Freisen's 
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brief report, entitled "A Look at General Education Math-
ematics Programs" (1978), was based on replies from 86 schools 
to a questionnaire. 
One of the common themes of the four surveys was that 
there was a clear need for a challenging general education 
mathematics course. Stein (1973) found that such a course 
was needed to meet the needs of the "incredible variety of 
students' ages, abilities and background ••• " (p. 63). 
He continued: 
• • • is there a need to meet the captured student 
not halfway, but exactly where he is, and to help him 
go as far as he is able in the direction that he chooses 
or is compelled to follow? I believe it does have that 
responsibility. (p. 63) 
Lederman drew the following conclusion from her survey: 
There is, however, still dissatisfaction with the math-
ematics being offered in today's community colleges. 
The students entering the community college today 
still lack many basic skills in mathematics [because 
of minimal high school preparation or a sizeable absence 
from school] and little motivation to learn those skills. 
They still fail to see benefits to be gained from know-
ing basic mathematics skills. Thus, need yet exists 
for a good basic mathematics course that teaches the 
basic skills while -demonstrating that those skills are 
applicable to today's community college students. 
(p. 31) 
There was general agreement that general education mathematics 
"should be different from other mathematics offerings" 
(Mitchell, 1974, p. 35). This course must meet the needs of 
students who are poorly motivated, come with a weak back-
ground in mathematics and "are usually convinced of their 
mediocrity in this area" (Mitchell, p. 35). 
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The four summaries indicated that there had been little 
change in course content throughout the 1970's despite the 
recommendations of the CUPM report and other advocates of a 
move toward relevancy to real life. Mitchell found that 
roughly two-thirds of the institutions which he surveyed 
offered essentially the same topics: mathematical systems, 
introduction of logic, proofs and arguments, sets and opera-
tions, sets and logic, counting numbers, Cartesian products 
and functions, relations, total orderings, probability, and 
elementary geometry (p. 33). This list, of course, reflected 
the continuing influence of the "modern mathematics" emphasis 
of the 1960's as well as the attempt to satisfy simultaneously 
the needs of students in elementary education (sets, classifi-
cation, logic, number systems, and systems of numeration) 
and the needs of students in humanities and social sciences 
(functions, probability). Other topics taught in the other 
one-third of the classes included review of arithmetic, 
business mathematics, statistics and finite mathematics. 
Lederman (1977) listed the following topics found most 
often in her survey: arithmetic concepts, algebraic and 
graphing concepts including solving word problems using 
algebra and solving systems of linear equations, geometric 
concepts, measurement including the metric system, and sta-
tistics and probability. Some of the courses, she noted, 
included some right triangle geometry and applications of 
various topics in business and personal interactions. She 
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observed that the topics in these courses fairly closely 
followed the recommendations of CUPM, which she characterized 
as follows: 
While stressing the basic arithmetic and algebraic 
skills, this course is designed to offer these sruue 
topics with a new, interesting approach, well suited 
to the community college. (p. 33) 
Some of the more abstract concepts were thus being replaced 
by ~he more traditional topics of ninth-grade algebra as 
well as by an inclusion of arithmetic skills. 
Friesen, whose survey covered the middle part of the 
1970's, found a notable increase in the number of different, 
distinct topics included in general education college math-
ematics courses. The various conflicting trends were all 
represented in his list--high school algebra, abstract 
mathematics, applied mathematics, and historically oriented 
mathematical topics. For the first time computers and pro-
gramming were found. The most popular topics included ele-
mentary algebra (86%), graphs (74%), probability and statis-
tics (73%), and set theory and logic (73% and 68%). History 
of mathematics surprisingly was included in 5% of the courses 
and number bases in 51%. Hence, according to Friesen's 
report, there was little indication that CUPM's 1971 recommen-
dation for teaching topics of everyday concern had been fol-
lowed by 1978. His findings seemed to contradict those of 
Lederman, who, as noted above, had concluded that the topics 
usually found in the course were consistent with the CUPM 
suggestions . 
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Textbooks slowly began to appear which reflected the 
recommendations of the CUPM panel. By the end of the 1970's 
a number of the remnants of the "modern mathematics" era, 
particularly sets, truth tables, numeration systems, the 
structure of the various number systems, and mathematical 
systems (e.g., clock arithmetic) were deemphasized or dropped 
from books. Titles such as Contemporary Mathematics (Meserve 
& Sobel, 1972) and Mathematics and the Modern World (Triola, 
1973) gave way to such titles as Mathematics, an Everyday 
Experience (Miller & Heeren, 1976). In the March 1977 issue 
of the Two-Year College Mathematics Journal, for example, 
seven different textbooks for a college general education 
course were advertised, offering the instructor a choice 
in emphasis. Among these were two books by Miller and 
Heeren, Mathematical Ideas (1978), reflecting the abstract 
emphasis, and Mathematics, an Everyday Experience (1976), 
reflecting the emphasis on relevancy. Mathematics as a 
Second Language (Lake & Newmark, 1977) was advertised as 
follows: 
To reflect changing approaches to teaching liberal 
arts as mathematics, the authors provide more practical 
applications and expanded historical coverage in this 
edition. New topics include: abstract mathematical 
systems, genetics, and percentiles. A new chapter on 
the computer has also been added. (inside back cover) 
What was remarkable about this statement was the emphasis 
on historical topics and the promotion of the addition of 
topics which were being dropped from other texts at the same 
time. The other textbooks exemplified the variety available, 
--..,.-..--·· ··---
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as the titles indicate: The Power of Relevant Mathematics: 
Basic Concepts (Whipkey, Whipkey, & Jarocky, 1977), Mathemat-
ics: Too~and Models (Hunkins & Pirnot, 1977), The Nature 
of Modern Mathematics (K. Smith, 1976), and The Whole Craft 
of Number (Campbell, 1976). The latter book emphasizes a 
historical development of mathematics. 1 
Mitchell criticized the textbooks as containing a col-
lection of unrelated topics which were not particularly 
relevant to the general student. His remarks in 1974 still 
had relevance to the textbook of 1979. After commenting on 
the fact that textbooks provided for both the liberal arts 
student and the prospective elementary teacher with con-
flicting topics, he wrote: 
A second characteristic of current texts is a compulsion 
to stimulate relevance, to attempt to convince the gen-
eral student that each of the six to eight mathematical 
topics covered in the one term course is of personal 
practical value, and therefore should properly develop 
some measurable skill. A third characteristic of gen-
eral education texts is the attempt to maximize the 
independence of chapters, to provide the greatest flex-
ibility in using the text. (p. 34) 
Another concern each of the four writers had was that 
of implementation and the background and commitment of the 
instructor. Stein argued: 
••• the math department has the responsibility to 
implement (the requirement to provide a course in math-
ematics for non-mathematics majors] in an imaginative 
lAn English major in the experimental class used this 
book for outside reading and reported favorably on the 
presentation and content of the ideas in it. 
-~--·~---.-- ·-- ---- _, ____ .._ ___ ~-~----~-- -· 
and kindly way. In particular, I believe that there 
is a place for a mini-course whose only object is 
make people feel better about mathematics. (p. 63) 
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He called for a variety of teaching strategies, particularly 
small-group learning, mathematics laboratories,and individ-
ualized learning. The reliance on lectures, with resulting 
boredom (as evidenced by the statistic that only 30% of the 
students in a classroom pay attention at any given time) and 
passive learning demand alternatives. It is important, Stein 
argued, to select instructors who are concerned about the 
problems and are capable of changing methods of teaching. 
Mitchell echoed the reco~endation for committed faculty. 
He wrote: 
The design and presentation of activities which do not 
depend heavily on facile computation, yet properly 
relate the role of computation to the mathematical pro-
cess, require both a mature teacher and a knowledgeable 
mathematician. Therefore, the general education course 
should usually be taught by senior, not junior faculty. 
(p. 35) 
Mitchell recommended in addition that the general education 
course should not be content-oriented. Because of the pro-
fusion of topics and the variety of students, it was unlikely, 
argued Mitchell, that a single topic would 11 be relevant to 
all. The decision of what to teach cannot therefore be made 
solely or even principally on the basis of content or stu-
dent interest 11 (p. 35). Flowcharting and algorithmic pro-
cesses were to be encouraged. This, claimed Mitchell, 11cannot 
be said to adequately represent mathematics in the broad 
sense, but it does represent that aspect of mathematics 
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which is nearest the experience of the student, and it pro-
vides understanding of the mechanization of mathematical 
problems 11 (p. 36). Other possibilities involved building 
the general education course around a theme, using whatever 
mathematics was necessary to explore the mathematical models 
inherent in the theme, or emphasizing an appreciation of 
what a mathematician does, by demonstrating the mental activ-
ities undertaken by mathematicians, both pure and applied. 
LedArman emphasized the need to teach in such a way as 
to give students new experiences and exposure to new ideas, 
even if the standard skill had not yet been mastered. She 
wrote: 
Even courses which on the surface appear to satisfy 
course objective requirements may in reality be the 
same old material under a new name or taught using a 
new artificial approach. Students recognize the poor 
camouflage and are still dissatisfied with mathematics. 
(p. 32) 
She noted that some innovative courses did exist, but 11 few 
are good enough. It remains for us to incorporate skills 
lists • into creative and useful mathematics presenta-
tions. New approaches are needed 11 (p. 32). 
Friesen found that by the mid-1970s the lecture method 
continued to be used by a large majority of the colleges 
responding--95%. Individualized instruction, the use of 
programmed instruction, and, for the first time, computer-
assisted instruction, were also listed (51%, 31%, and 11% 
respectively). The idea proposed in the CUPM report, that 
of using minicourses, had been adopted by 22% of the colleges. 
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Several types of mathematics courses were available, indi-
cating a greater diversity in the way the courses were 
organized. Over half of the colleges offered a survey course 
(breadth, not depth) while 24% featured the "block and qap 
type of course where several topics were studied at length 
and others ignored" (p. 219). The plea not to use those 
instructors with the least experience, those students just 
out of graduate school with a narrow specialization, appar-
ently was being followed. None of the colleges reported 
assigning the general education course to the instructor with 
the least seniority~ in 69% of the colleges all instructors 
were involved and in 15% of the cases the instructor was 
someone who showed an interest (p. 221). 
A major report on the status of mathematics education, 
specifically an overview and analysis of school-level math-
ematics in the United States, with objectives, current 
practices, and attainments, was prepared by a committee of 
the Conference Board of the Mathematical Sciences in 1975. 
The committee was officially called the National Advisory 
Committee on Mathematics Education (NACOME) and the report 
was dubbed the NACOME Report. While not specifically address-
ing the college-level mathematics courses, the report dealt 
with the same issues and trends which affected the college 
liberal arts course in mathematics. It considered in detail 
two of the growing concerns in the mathematical community 
which had largely been ignored in the four general education 
summaries above--namely the "back to basics" movement and the 
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revived interest in problem solving in all of its aspects. 
The report also cautioned that the good features of the "new 
math" curricula of the previous decade should be retained 
and used wisely~ in particular, it provided a counterpoint 
to the arguments of Morris Kline. 
The NACOME Report further stated that the most convinc-
ing arguments for the "New Math 11 curricula, including such 
unifying concepts as sets, functions, and the algebraic 
field properties, 
• • • rest on the role that these ideas can play in 
organizing other mathematical facts and methods--in 
demonstrating connections between apparently different 
mathematical tools so that acquisition, retention, and 
transfer can be enhanced. Set theoretic ideas offer 
another vehicle for explaining, illustrating, and 
practicinq basic mathematical concepts and skills. 
(NACOME, 1975, p. 16) 
Below are given four of Kline's criticisms of teaching math-
ematics as a structured discipline together with replies qiven 
in the NACOME Report. 
1) Novel content such as set theory, symbolic logic, 
etc., is inappropriate for school curricula--
Experience with these new ideas over several years of 
classroom implementation has now led to a much better 
perspective in both texts and teaching • • • curriculum 
development projects • . • are generating promising 
approaches for introducing the concepts and new curric-
ulum structure which capitalizes on their unifying 
power. (p. 16) 
2) Rigorous deductive logical presentation of ideas is 
contrary to all historical experience of mathematical discov-
ery--
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• • • the rationale for this emphasis [in deductive 
reasoning] is not based on naive misunderstanding of 
mathematical methods. It is instead grounded in the 
hypothesis that students perceiving the structure of 
mathematical ideas will become more effective learners 
and users of the subject. • • • Most of our students 
seek from mathematics a collection of well established 
concepts and methods that can be applied to problems 
outside of mathematics. It is not at all clear to us 
how organization of these tools into logical structure 
will be a barrier to learning--though in many cases 
initial presentation might well be guided by psycholog-
ical rather than logical organization. (pp. 17-18) 
3) The emphasizing of abstract ideas is not properly 
grounded in the concrete experiences of the physical origins 
for mathematics--
A curriculum organized by broad structural concepts and 
processes is predicated on the ability of learners to 
make appropriate abstractions and generalizations •••. 
Current school mathematics curricula can probably be 
improved by more creative interplay of concrete exper-
ience and abstract ideas. • • • Reaction against 
abstraction at any level denies the very real contribu-
tions that its process and product make to mathematics 
and would be a step backward in developing improved 
school programs. (pp. 18-19) 
4) The new mathematics employs "too much" meaningless 
terminology and symbolism--
• • . historically the precise symbolic language of 
mathematics has played an important role in the devel-
opment and communication of ideas. The most effective 
instructional balance of informal and rigorous expres-
sion is a function of mathematical topic, student 
aptitude, and student experience .•• in a world of 
increasing complexity weighted down by a flood of con-
crete and detailed information, understanding and skill 
with processes of abstraction and symbolic representation 
may be as important in the ordinary citizen's equipment 
for life as were the purely numerical skills rwhich 
should not be neglected] in an earlier era. tp. 20) 
The NACOME Report, in spite of its defense of some of 
the best aspects of the "new math 11 , called for an eclectic 
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approach. The dichotomization of curricular issues--old 
vs. new, skills vs. concepts, concrete vs. abstract--would 
not solve any of the problems in mathematics education. 
Neither the mechanistic approach to teaching little bits 
of skills in a highly sequential manner nor allowing stu-
dents to explore only those topics of interest to them in a 
completely unorganized way would result in meaningful learn-
ing. Instead, the report urged: 
Teachers should be eclectic pragmatists, selecting those 
methods and materials which seem to work best at a par-
ticular time for a particular student or group of 
students working with a particular concept •••• 
Perhaps the optimum, judicious mix of all these modes 
is what the conscientious teacher seeks. (p. 80) 
The next researcher looked specifically at the college 
general education course and echoed the call for the instruc-
tor to have an opportunity to choose. 
John Brevitt (1975), in his dissertation on four dif-
ferent syllabi for the college-level, general education 
mathematics course, gave a pessimistic view. He pointed out 
that in his experience, little progress had been made in 
changing the course outline to one of greater relevance for 
the student: "The student who finds adding two fractions a 
mouth-twisting chore is asked to appreciate the esoteric 
depths of Hilbert and Cantor, in much emasculated form, of 
course" (p. 4). He was particularly concerned about "inac-
tive indifference" of the students towards their mathematics 
and the relationship between the students and the instructor 
and questioned whether if only two or three students appreciate 
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the course and work to gain the goals ofthe course, whether 
continuing the present procedure was justified (p. 4). 
Brevitt acknowledged that the reasons for this unacceptable 
situation were not completely due to the uninspired student~ 
part of the blame had to be placed on the instructor: "Some 
of the difficulty lay with those assigned to teach such a 
course~ the typical graduate-schooled mathematician was not 
noted for his breadth" (p. 21). This observation, of course, 
was essentially the same as that made by Spanier in 1970~ 
little had changed in the intervening five years. Indeed, 
Brevitt reached the conclusion that neither the students' 
attitudes nor their abilities were being quantitatively 
improved by the usual general education course. 
Two other dissertations also verified the claim of 
considerable disparity between the characteristics of effec-
tive instruction in college mathematics espoused by various 
writers and the actual situation in the classroom as per-
ceived by the instructors. Alan Allen (1975) surveyed arti-
cles which appeared in the American Mathematical Monthly, 
the Mathematics Gazette, School Science and Mathemat~, !hg_ 
Mathematics Teacher, and Mathematics Magazine from 1894 to 
1971. He found little support in these articles (which mainly 
dealt with what should be taking place in the classroom) 
for the use of the axiomatic approach, highly formalized 
exposition, and student exercises to be worked out without 
any help from the instructor. Instead, most writers of the 
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articles surveyed encouraged "appealing to student intui-
tion, proceeding from concrete to abstract, balancing intui-
tion and rigor, motivating material to be studied, and pro-
ceeding from particular to general" (p. 7781). On the other 
hand, Norman Fletcher (1979) surveyed instructors of mathe-
matics courses for nonmathematicians as to differences in 
the content of such a course among two-year institutions, 
four-year private colleges, and four-year public institutions. 
He found that his hypothesis that " there is not a sig-
nificant relationship between the content as perceived as 
more desirable by the selected mathematics instructors and 
the content of the Committee on the Undergraduate Program in 
Mathematics ( CUPM) sequence . • • was rejected" (p. 3845). 
He found that instructors in the two-year colleges and women 
were much more strongly committed to following these recommen-
dations than the comparison groups respectively~ those in 
the four-year public colleges were mildly interested in 
doing so. Furthermore, the list of course topics actually 
being taught tended to contradict his conclusion since the 
same abstract topics found in the 1960s remained, mixed with 
a few more applied topics: review of basic algebra, set 
theory, logic and truth tables, mathematics modeling and 
problem solving (a topic beginning to appear on the scene in 
its own right), introduction to statistics, introduction to 
probability, and properties of and operations on various 
sets of numbers. 
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Attempted Changes in Content, Teaching 
Procedures, and Organization 
Despite reports and recommendations of noted math-
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ematicians, mathematics educators, and mathematics organiza-
tions and a variety of writings in mathematics journals 
urging innovations and relevance, the general education, 
college-level mathematics course was generally characterized 
in the late 1970's by an emphasis on topics of interest to 
mathematicians, a lecture-oriented approach to teaching by 
instructors whose primary interest was in mathematics per se, 
and a general disinterest on the part of the students. 
Nevertheless, a number of efforts to try out alternatives 
were being made in the classroom to overcome these problems 
and to improve attitudes or achievement or both. These are 
summarized below. 
Thirty journal articles or dissertations, which related 
specifically to the general education college mathematics 
course, were surveyed. Nine of the reports featured exper-
imental courses focusing on one or two topics around which 
the usual skills would be taught. Duncan (1971) investi-
gated the effects of integrating number theory, topology, and 
probability on achievement and attitudes~ he found mixed 
results depending on the level of entering aptitude scores 
and the topic taught. Kipp (1975) investigated mixing the 
topics of elementary algebra with elementary probability~ 
the experimental group showed somewhat higher gains in 
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positive attitude and retention on achievement scores. A 
comparison between a computer-oriented Monte Carlo approach, 
a manual Monte Carlo approach, and a traditional approach to 
the teaching of probability and statistics showed that there 
were significantly higher achievement scores for the Monte 
Carlo approaches and a positive gain in attitudes toward 
mathematics for students in the noncompu.ter Monte Carlo 
group (Shevokas, 1975). A course to develop basic mathemat-
ical skills through the teaching of elementary probability 
and statistics showed a slight improvement in the mastery of 
basic skills and also in the understanding of probability 
and statistics with the experimental group (Lee, 1975). 
Allen Holmes, Walter Sanders, and John LeDuc (1977) 
developed a course for the general education student empha-
sizing statistical inference and avoiding the direct teaching 
of arithmetic and of combinatorics before covering inference. 
They argued that teaching the background topics first 11 makes 
it difficult to get to the general education portion of the 
subject in the time alloted most general education courses 11 
(pp. 223-224). The course used activities involving a 
11 sampling paddle 11 with holes and colored wooden balls~ graph-
ing~ and simulation with coins, dice,and spinners. The 
authors made this forceful argument for their approach: 
We believe that for the general education student the 
ideas of statistical inference and the resulting deci-
sion rules are of prime importance. This belief is based 
on the assumption that general education courses are 
included in the curriculum in order to help students 
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to gain an understanding of their own essence, of their 
relationship to others, of the world around them, and 
of how man goes about knowing •••• 
The approach [to teaching statistical inference 
without the traditional work in descriptive statistics 
and probability] is best understood by looking at it 
in three parts. The first part involves very concrete 
experiences with sampling and an intuitive introduc-
tion to confidence intervals. The second part develops 
the concepts of probability via Monte Carlo Simula-
tions •••• The third part takes a look at traditional 
statistical treatments. (p. 224) 
The authors pointed out that their approach trades weaknesses 
.in arithmetic and algebra for deficiencies in writing the 
required reports of the simulations. Thus the course 
requires "clear and logical exposition" and it brings the 
real world to interact with the student and some good math-
ematics. 
Two investigations about the use of computer programming 
as part of the general education course showed mixed results. 
Computer-augmented instruction had a significant positive 
effect on the mathematical attitudes of disadvantaged stu-
dents but not upon their achievement in one investigation 
(DeLoatch, 1978). In another class the attitudes toward 
mathematics were not significantly improved (LeCuyer, 1977). 
LeCuyer, specifically following the CUPM recommendations to 
teach basic college mathematics using computers, wrote and 
used a textbook about the computer language APL and included 
some rather stiff topics: sets, logic, vectors and matrices, 
introductory calculus, and probability and statistics. He 
found that the experimental approach did not detract from 
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conventional learning, and, in addition, that the students 
learned some programming and enjoyed using the computers. 
David Travis (1977) developed and taught a "one semester 
pure general education course in appreciation of mathematics 
for students whose major field did not require any more 
mathematics skills than they already had (same as apprecia-
tion of art). The students were Art, Music and Speech-
Theater-Drama majors 11 (p. 6987). The topics were relatively 
short and non-sequential, and they included some recreational-
mathematics topics. One of the goals of the course was to 
demonstrate some of the strategies used by mathematicians to 
solve problems. The students did not solve textbook prob-
lems. They read chapters from a variety of textbooks. No 
attempt was made to assess gains in achievement test scores 
but it was determined that attitudes toward mathematics 
increased positively in most categories tested. 
John Brevitt (1975), as previously noted, studied the 
relative contributions of four different syllabi to quanti-
tative thinking ability and positive attitudes toward math-
ematics. He taught four different sections of a college-
level general mathematics course using four different 
approaches. The utilitarian approach featured mathematics 
applied to the solution of useful problems, the cultural 
approach exhibited mathematics as a result of deductive 
reasoning and creative thinking, the historical approach 
showed the influence of mathematics in past civilizations 
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and its place today, and the modern approach consisted of a 
selection of topics from a standard text: sets, logic, 
functions, probability and statistics, analytic geometry, 
computers, and numeration systems. One of Brevitt's obser-
vations deserves emphasis here for it points to one of the 
difficulties faced by instructors and curriculum planners 
today: 
.•• we note [from the literature] considerable expen-
diture of experimental thought has been devoted to 
adjusting teaching techniques, but that the topics 
taught have varied little since the initial pre- and 
post-war introduction of a general education mathe-
matics course. • • . All the suggestions for change 
we have quoted cannot be crammed into a single one-
semester course, but perhaps a variety of approaches 
can achieve similar results. (p. 26} 
Brevitt found that no one presentation resulted in a signif-
icantly greater or lesser gain in quantitative thinking 
ability. However, he found some useful results when con-
sidering the major of the students as a dependent variable. 
Social science majors preferred the historical syllabus~ 
the social science majors exposed to the modern syllabus and 
the liberal arts majors exposed to the historical approach 
made the least gains in attitudes. The cultural approach 
was significantly more effective in :improving attitudes 
than any of the others. 
One of Brevitt's main conclusions was that, because of 
such a variety of possible topics and ways of teaching, the 
instructor should be given considerable latitude: 
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What is suggested is this: allow the instructor to 
choose his own text and his own approach to the students 
in general mathematics. The course is terminal for 
almost all students. So long as the instructor does 
an honest job of selecting appropriate and valuable 
material and presenting this material to the very best 
of his ability, and of giving the preparation for this 
class the same attention he would for classes enroll-
ing those more mathematically apt, he will be success-
ful. If there is particular selection of material 
which the instructor feels is within the grasp of 
students at this level of maturity and which he feels 
is important to their knowledge, understanding, appre-
ciation, and growth, and if he feels strongly enough 
about such material that he is able to present it with 
enthusiasm and conviction, keeping in mind both the 
material and student are worthy of respect and con-
cern, and if the instructor is willing to vary his 
approach from lecture to small-group to laboratory until 
he finds a style or combination of styles that serves 
his purpose best--if, in other words, he is willing to 
give this grc:up of "captured students" (to use Stein's 
phrase) the same intelligent attention he gives the 
more immediately responsive student who elects and 
enjoys mathematics--then as an instructor he will find 
these students more than willing to respond favorably 
toward mathematics. (pp. 56-57) 
Two dissertations considered the effects of small-group 
instruction versus large-group instruction. One of these 
found a positive impact on achievement in favor of small 
groups (Chang_, 1978), and one found no significant differ-
ences between small groups being given help by the instruc-
tor, by another instructor, or no help at all (Greenwood 
1978). Seven dissertations investigated various kinds of 
individualized teaching in comparison with traditional teach-
ing and team teaching (Baker, 1979~ Frazier, 1975~ Greenwood, 
1978~ Herring, 1976~ Kerrigan, 1976~ M. Smith, 1976~ Williams, 
1976). These gave varying and inconsistent results, although 
all of them focused on increasing the learning of basic 
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skills and involved the usual list of topics. Two investiga-
tions involved the experimental use of hand-held calculators 
(Dyce, 1978~ Gooden, 1978). Neither reported any signifi-
cant improvement in achievement or any loss of proficiency 
with paper-and-pencil skills due to the use of.calculators. 
Finally, one investigation (Olson, 1976) explored the ques-
tion of whether the frequency of quizzes and the importance 
of quiz results in the grading procedure made any dif-
ference in achievement scores and attitude scores. He 
found no significant difference. 
Three articles described variations in class organiza-
tion and grading procedures, which sought to create more 
meaningful and enjoyable classes for students. Horner (1974) 
described a fairly successful alternative approach featuring 
in-class study from a standard textbook with no lecture, 
i.e., "nonlab, nonprogrammed, and nonlecture." This procedure 
was based on a number of operating principles: 
Students must manage the bulk of their learning pro-
cesses. Students must be able to render a substantial 
amount of self-evaluation of their progress •••• 
Performance objectives are useful •.•• 
Self-pacing is not necessarily an academic virtue. 
Standard expository texts must be used. 
There must be an "expectation" that the students will 
do well in succeeding courses where the lecture may be 
dominant. (p. 40) 
Without citing any objective evidence, Horner claimed that 
this approach had been successful. The format of the class 
provided advantages to the students in the way of flexibility, 
and materials developed in connection with the class allowed 
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for considerable enrichment. In addition, the success in 
11Shifting the primary responsibility for learning from the 
instructor to a willing student represent [ed] a growth and 
experience worth perhaps more than mathematics i tself 11 
(p. 43). 
W. Miller (1974) found that using a contract method of 
grading resulted in significantly better achievement scores 
in a class for underachievers. Steger and Willging (1976) 
described a clever way to set up a system of offering three 
or four modules, so that students could choose among 10 to 
12 different topics, each consisting of 10 lessons. In this 
way one of the greatest problems of the liberal arts math-
ematics course, that of meeting the wide variety of needs 
and interests of the students, could be partly overcome. 
Furthermore, it allowed teachers to teach topics toward 
which they felt the most inclined: 
In determining which topics should be offered, we 
postulated that teachers would rather teach topics they 
are interested in and students would rather learn about 
topics of their own choosing. (p. 24) 
The only Aptitude-Treatment-Interaction investigation 
(Baldwin, 1977) considered whether or not field-independent 
and field-dependent students would be more successful in a 
group setting or individual study. Neither group performed 
significantly better with respect to treatment, but field-
independent students did achieve significantly higher than 
field-dependent students, as one might expect. Finally, 
Crumpton (1978) found not surprisingly that mathematics 
anxiety decreased as the students' mathematical competence 
increased, but the fact that counselling and other direct 
efforts to reduce mathematics anxiety did not help was 
unexpected. 
Activity-based approaches to the teaching of the 
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general education freshman mathematics course were reported 
by several investigators. C. Smith (1975) developed some 
, 
activities for teaching mathematics to high-risk students. 
Mathematics achievement was significantly higher in the 
experimental group than in the control group but attitude 
was not. The activity-based teaching of statistical infer-
ence by Holmes, Sanders, and LeDuc (1977) has already been 
reported. A major institutionalized activity-based program 
involving eventually 27 predominantly black colleges, called 
the Thirteen-College Curriculum Program due to the number of 
institutions which participated in its beginning, included 
not only a variety of experiences in mathematics but also 
the whole range of freshman level courses. Bennett College 
was involved in this program (1968-1972) and the author 
observed the activities as a teacher in a "traditional 
class" and participated in a summer workshop. 
The Thirteen-College Curriculum was developed in coop-
eration with the Institute for Services to Education by the 
original consortium of 13 colleges. It included new currie-
ular materials for freshman courses in English, mathematics, 
social science, physical science, and biology and for part 
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of the sophomore year in philosophy and humanities. It was 
begun in 1967 and lasted formally until the mid-1970's. 
Its purpose was stated as follows: 
The program is designed to reduce the attrition rate 
of entering freshmen through well thought-out, new cur-
ricular materials, new teaching styles, and new faculty 
arrangements for instruction. In addition, the program 
seeks to alter the educational pattern of the institu-
tions involved by changing blocks of courses rather than 
by developing single courses. In this sense, the 
Thirteen-College Curriculum Program is viewed not only 
as a curriculum progra~ with a consistent set of aca-
demic goals for the separate courses, but also as a 
vehicle to produce new and pertinent educational changes 
within the consortium institutions. (Institute for 
Services to Education, 1970, p. i) 
Selected freshmen at each of the institutions took courses 
taught only by instructors in the program, using specially 
prepared materials and teaching styles consistent with the 
emphasis on discovery. A variety of booklets, emphasizing 
an activity approach, resulted from a series of summer '··10rk-
shops for the program's instructors~ the workshops gave the 
participating faculty a chance to share ideas about. innova-
tive teaching techniques. 
The booklets in mathematics included the topics of trig-
onometry, finite geometry, sets and logic, tools and concepts 
(arithmetic progressions, mathematical induction, logarithms 
and slide rule), probability and statistics, base numeration 
systems and introduction to computer programming, graphinq, 
and functions. In addition there were a student 11 textbook 11 
and an 11 illustrative materials 11 booklet consisting of sec-
tions taken from the other booklets. The preface of the 
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latter booklet, entitled Mathematics, Thirteen-College Cur-
riculum Program, Illustrative Materials, gave a good sense 
of the activity-oriented, discovery-approach which the pro-
gram was trying to implement: 
We feel that the most important part of any teaching 
idea in mathematics is the beginning. How can we get 
students immediately involved and doing mathematics? • 
What makes ~ good beginning? There is no pat answer, 
and we certainly do not want to give the impression that 
we have answered that question. We have looked over 
our best materials that involved students and have 
gotten them excited about mathematics. We have discerned 
four very general features: 
First, the best units begin with real life situa-
tions and try to draw from these situations problems 
and questions that indicate the mathematics hidden there: 
life expectancy, the number of leaves on a tree 
buying and selling, ••• 
Second, we have searched for ways to begin classes 
so that very soon students are doing something. We 
have avoided like the plague situations where the 
teacher must explain a great deal before the student 
can actually do anything: make constructions, calcula-
tions, draw pictures, move around, or whatever ••.• 
Third, we have sought out investigations which would 
allow the student[to do the discovering. • • . What 
are the theorems needed] • • • ? It would be easy 
enough to teach [concepts] that would explain the sys-
tem, but how much more interesting it is for both the 
teacher and the student to begin with the problem and 
see what the students come up with. 
Fourth, we hope to have enough materials that will 
eventually lead students to some of the most exciting, 
and accessible mathematics, such as topology, probabil-
ity, number theory, computer prograiTming, abstract 
algebra, and others. Why shouldn't students be con-
fronted with these most delightful and challenging ques-
tions that have plagued mathematicians and have led 
them to the development of the rich areas of mathe-
matics? ••• 
Finally, we recognize that students everywhere need 
practice in the skills of mathematics and that these 
can best be achieved when students are doing something 
they want to do and need to learn. (Institute for 
Services to Education, 1973, pp. i, ii) 
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The usual topics in mathematics were covered but the approach 
was clearly different in emphasis from the traditional 
lecture-expository approach. 
At Bennett College the program lasted until 1972 when 
it was phased out. The intention of fully involving instruc-
tors in the regular mathematics program was not fulfilled~ 
furthermore, it was found that students in the program did 
not have the necessary prerequisites to be successful in 
more advanced courses in mathematics in the regular college 
program. 
The Thirteen-College Program was the subject of two dis-
sertations. Dorothea Smith (1976) investigated the effec-
tiveness of the materials and methods in mathematics on 
attitude changes toward mathematics, self-concept, and 
achievement in mathematics in the program by looking at four 
separate "generations" (1967-1970). She concluded that there 
was "no significant difference in self-concept between the 
ISE and non-ISE group," (p. 4435) but there were significant 
differences in attitude and achievement. Annette Billie 
(1976) found in addition that the teachers were enthusiastic 
about the method of teaching, the students felt that the 
materials were "more germane to their interests and needs" 
(p. 1442), and the program resulted in lower attrition, more 
positive attitudes, students• becoming active in their own 
learning, and teachers• becoming innovative in developing 
curriculum and being sensitive to the needs of the students • 
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In its recommendations for the college general education 
mathematics course, the Committee on the Undergraduate 
Program cited the Thirteen-College Curriculum Program as a 
worthy example of the kinds of innovations which could be 
made to increase the relevancy and effectiveness of the 
course: 
The Thirteen-College Curriculum Program has made very 
successful use of this technique [pointing out to · 
students the intellectual similar~ty between dealing 
with puz~les and with solving ordinary mathematical 
problemsj and has found it a very useful and efficient 
way to lead students into a study of mathematics that 
the students rejected originally. This material con-
tains stimulating problems that have been used suc-
cessfully by the participants in the Thirteen-College 
Curriculum Program to engage the attention and reasoning 
of students takin~ courses at approximately the level 
of Mathematics E Lthe recommended Basic Mathematics 
Course]. (CUPM, 1971, pp. 278-279) 
The Thirteen-College Curriculum Program deserved a better 
fate for it truly tried to involve students in questioning 
and exploring. However, it failed to expand beyond the 
group of 27 predominately black colleges and it continued 
to focus on the same mathematical topics found in most other 
liberal arts.mathematics courses around the country. In 
its implementation its emphasis was on solving questions 
which were fundamentally mathematical in nature, rather than 
on solving problems relating to the everyday lives of the 
students • 
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Problem Solving and the Real-
Problem-Solving Curriculum 
In reviewing the literature about the college general 
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education mathematics course of the 1970's, one is struck by 
the almost complete lack of mention of problem solving in any 
of the expository articles, descriptions of innovations in 
the classroom, and the research reported in the various dis-
sertations. The CUPM (1971) recommendations called for rele-
vancy, choosing topics of interest to the student, improving 
skills of translating word problems into mathematical form-
ulas, estimating, and the ability to apply algorithms. 
Where is problem solving? Buried in its 58 pages among the 
listings of content material, the descriptions of the sug-
gested mathematics laboratory, and the sample exercises 
was the following paragraph: 
The following points should be considered in the 
selection and presentation of examples and exercises: 
(1) The majority of problems should describe familiar 
situations in which variables represent quantities 
that could reasonably be expected to be unknown. 
(2) To develop the ability to translate English into 
mathematics, it may be necessary to begin with problems 
that students are able to solve without the aid of an 
equation or other model. However, at several points 
in the course, students will have the background nec-
essary to construct models for problems that they will 
not be able to solve completely. If full advantage is 
taken of this situation, then applications can be used 
to motivate the need for being able to solve equations 
and otherwise manipulate models to produce solutions. 
(3) Students should frequently be asked to estimate an 
answer to an exercise prior to writing the equation or 
formulating a model, and to explain the process by which 
the estimation was made. . • • (4) Students should be 
encouraged to describe problems which they have actually 
encountered and which they would like to be able to 
solve. The experiences of students with charge accounts, 
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savings accounts, tax problems, other college courses, 
••• , and situations that occur in playing cards and 
other games can be excellent sources of problems at 
various times within the course. (p. 279) 
Item (4) closely agrees with the rationale of the real-
problem curriculum of the Unified Sciences and Mathematics for 
Elementary Schoool (USMES) program, but this recommendation 
was not carried out during the 1970's. 
Articles about problem solving in college-level mathe-
matics dealt almost exclusively with problems of a strictly 
mathematical nature. Alan Schoenfeld, perhaps the leading 
writer and researcher on problem solving in mathematics, for 
example, discussed in detail four strategies of problem 
solving he had used, but applied these strategies to indef-
inite integration. John Lucas (1974) wrote about 11 'I'he 
Teaching of Heuristic Problem-Solving Strategies in Elemen-
tary Calculus, 11 Johnson and Harding (1979) wrote about the 
relationship of computing courses and mathematical problem-
solving ability at Cambridge University, and Katchalski, 
Klamkin, and Lieu (1981) described problem-solving techniques 
in calculus and number theory. Three other articles about 
teaching heuristics in problem solving by Schoenfeld appeared 
in print--one in the Journal for Research in Mathematics 
Education (1979), one in The American Mathematical Monthly 
(1978), and one in the 1980 Yearbook of the National Council 
of Teachers of Mathematics (1980a) which was devoted entirely 
to problem solving in school mathematics. However, these 
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various articles provided no help for the teacher wishing 
to consider the relevance and uses of mathematics rather 
than the solution of some esoteric problems in mathematics 
per se. 
Status of Problem Solving in the Late 1970 1 s 
While the literature on the college level did not 
reflect the growing interest in problem solving found else-
where in the mathematics community, much work was being done 
on the elementary and secondary school level as well as 
among psychologists, particularly those interested in infor-
mation-processing theories of cognition. The National 
Council of Supervisors of Mathematics at its 1976 annual 
meeting made this remarkable proposition: 
Learning to solve problems is the principle reason for 
studying mathematics. (1977, p. 19) 
Edwin White s~~arized his perception of this movement: 
Beginning in the late 1960s and continuing into the 
1970s, a small but growing movement has supported the 
notion that the primary purpose of education is to 
develop problem-solving or decision-making abilities. 
This would appear to be a logical pragmatic goal, since 
if we analyze our own lives and activities, the common 
denominator is a daily need to make decisions and solve 
problems. (1978, p. 183) 
Several surveys in the late 1970's and in the 1980's further 
indicated the greatly increasing interest in problem solving 
in precollege education, despite the emphasis of back-to-
basics at the same time from outside pressures. 
Carpenter, Corbitt, Kepner, Lindquist, and Reys (1980) 
in studying the results of the mathematics portion of the 
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second National Assessment of Educational Progress (NAEP) 
found that "respondents demonstrated a lack of the most 
basic problem-solving skills 11 (p. 338). They found that 
students, with reasonable proficiency in computational 
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skills, tried various sorts of calculations without analyz-
ing the problem and devising a plan. The NAEP results 
••• provide some insights into students' problem-
solving abilities, but they offer no evidence regarding 
effective ways to teach problem solving. These results 
do suggest, however, that mathematical knowledge and 
skills level do not automatically transfer to problem 
situations. Although the specific question of instruc-
tion is not addressed by the assessment, we believe 
that in order to improve students' problem-solving 
abilities s cific attention must be iven to teachin 
problem-solving strategies. p. 430) 
Teacher attitudes about problem solving and its rela-
tionship to basic skills were also assessed, for as Carpenter 
et al. observed, teaching basic skills apart from problem 
solving does not automatically insure the ability to solve 
problems. Denmark and Kepner (1980) reported on a survey 
sponsored by the Instructional Affairs Committee (IAC) of 
the National Council of Teachers of Mathematics to answer 
the question "What is NCTM's role in the back-to-basics 
movement?" They found that most teachers agree that "teach-
ing basic skills should not be isolated from development of 
motivation, mathematical appreciation, and maturity" (p. 117). 
Of the sample of persons involved with mathematics education, 
86% agreed with that statement. However, a majority of those 
who responded (54%) felt that the basic skills should be 
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mastered before concepts and applications were taught. In 
a· separate question only 14% felt that concepts and applica-
tions should be introduced before developing mastery of 
basic skills. As Treadway observed: 
This survey reflects what is evident in most of our 
classrooms--we emphasize the skills and topics to be 
covered first and find that we have little time left 
for problem solving and applications. We wonder why 
the students have so little interest in the topics that 
~ choose and why the students question the rele,rance 
of the subject material they are asked to study. 
(1981, p. 4) 
The National Council of Teachers of Mathematics also 
sponsored an extensive survey of the opinions of various 
sectors of the mathematics-education community toward the 
various recommendations in its Agenda for Action (1980). 
The project, called Priorities in School Mathematics (PRISM), 
interviewed persons from nine different populations including 
parents, supervisors, readers of the Mathematics Teacher, 
readers of The American Mathematics Monthly, and instructors 
of mathematics classes in two-year colleges. Among the find-
ings discussed in two reports by Osborne and Kasten (1980) 
and the members of the PRISM Project in its executive sum-
mary of the PRISM Project (NCTM, 1981) were the following 
which were particularly relevant to real-problem solving and 
the college liberal arts course in mathematics: 
(1) From all populations in the survey, there is strong 
support for problem solving in the classroom. 
(2) Instructors from two-year colleges agree with the 
need to emphasize strategies for problem solving in 
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instruction, particularly the ability to translate problems 
into number and algebraic sentences, to search for patterns, 
and to solve a simpler problem before extending the strategy 
to the original problem. 
(3) No extreme position concerning teaching methodology 
for problem solving was preferred. However, Osborne and 
Kasten observed: 
Although "projects that involve real-life problem sit-
uations" was a: methodology statement highly ranked by 
all professional samples, the older the students 
taught by a sample, the lower the ranking. That is, 
the methodology involving real-life situations was 
most important to the AT fArithmetic Teacher] sample, 
less important to the MT Mathematics Teacher] and 
two-year college samples, and least important to the 
college-level mathematics sample. (1980, p. 57) 
(4) Problems should be used as the vehicle to develop 
and introduce mathematics topics. But Osborne and Kasten 
questioned this result: 
we know of little evidence that the indicated 
preference for introducing ideas through problems is 
typical of current classroom practice. Perhaps the 
appropriate question is, "If this is a widely held 
belief about the role of problem solving in teaching 
mathematics, then what situational variables in the 
school setting or in the mathematics classroom restrict 
using problems as vehicles for the development and 
introduction of mathematical concepts?" (p. 57) 
(5) The professional samples gave a low ranking to giving 
long problems taking more than a single class session to 
solve (e.g., a USMES style of problem) (Osborne & Kasten, 
1980, pp. 56-57). 
(6) Support was "minimal" (59%) for offering interdis-
ciplinary work in problem solving (NCTM, 1981, p. 13). 
-· ..... _, ... .,_....,.,..,... -"<'""""'~....-. ·----- ------ __ .. ____ _ 
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(7) Resources for teaching problem-solving which were 
most strongly supported included resource guides to real-
life problems, materials for modeling problems and solu-
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tions, and supplementary materials with additional problems. 
(8) Strategies for teaching problem solving which were 
most strongly supported included projects involving real-
life situations for individuals or teams, problem assign-
ments, and using problems to introduce mathematical topics. 
Status of the Teaching of Problem Solving 
The results of the various surveys indicated widespread 
interest in enhancing the problem-solving skills of students 
but also indicated an uncertainty as to how to carry this out, 
since problem solving has not been described in terms of tra-
ditional curricular design terms (Osborne & Kasten, 1980, 
p. 53). Jeremy Kilpatrick, one of the leading researchers 
in problem solving, and E. G. Begle, a leading mathematician 
and mathematics educator, assessed the research literature 
in problem solving in the 1970's and found it lacking and 
yielding insufficient results to be able to provide truly 
satisfactory answers. Kilpatrick wrote in 1978: 
Problem solving is perennially a popular topic for 
research in mathematics education, probably because 
most people recognize both the centrality of problem 
solving as a goal in mathematics instruction and the 
difficulty of teaching other people how to solve math-
ematical problems .••• 
Anyone masochistic enough to sift through the pile 
of research literature on problem solving in mathematics 
will likely come away depressed, partly because of the 
numerous flaws and limitations of the research studies 
themselves, but primarily because of the routine exer-
cises used as "problems" in so many studies. (p. 189) 
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Begle cautioned that 11 simplistic efforts to improve our 
students' problem-solving abilities will not be enough. The 
task is much more complex than that 11 (1979, p. 144). Fur-
thermore, Begle stated that coming up with a certain collec-
tion of strategies used successfully by students in solving 
problems will be quite difficult. 11 In fact, there are enough 
indications that problem-solving strategies are both problem-
and student-specific often enough to suggest that hopes of 
finding one (or few) strategies which should be taught to 
all (or most) students are far too simplistic 11 (p. 145). 
Other researchers have more recently taken a more posi-
tive view. Mary Kantowski (1981), Frank Lester (1980), and 
Marilyn Suydam (1980, 1982) have reported their findings from 
the research literature that characteristics of good problem 
solvers can be identified, the general nature of problem 
solving can be examined, and problem-solving strategies can 
be taught. Suydam summarized her findings as follows: 
When heuristics are specifically taught, they are then 
used more and students achieve correct solutions more 
frequently. Training in a variety of heuristics is nec-
essary so that students have a repertoire from which 
they can draw as they meet the wide variety of problems 
that exist~ different mathematical content evokes dif-
ferent strategies. Various strategies are used in dif-
ferent stages in solving problems. Thus training on 
both integration (the capacity to integrate remaining 
components in a sequence of operations required for 
problem solution) and evaluation (capacity to judge 
whether the solution is correct) seems to be required 
for solving problems. • • . (1980, pp. 43, 44) 
Kilpatrick, while generally agreeing with Suydam's assessment 
for explicit attention to teaching problem solving, remained 
more cautious: 
~"- -'t,:-~~--·----·---------·--'"-'" 
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The research literature has sometimes been interpreted 
as suggesting that in mathematics instruction explicit 
attention to problem-solving methods is wasted. A more 
careful review, however, ought to yield a different 
interpretation. It appears that techniques which 
attempt to "program" the solver to follow a fixed 
sequence of steps are not very effective. Further, 
improvement in problem-solving abilities does not 
occur overnight. And one should not expect transfer 
to problems that are quite different from those used 
in instruction. Experience and some research suggest, 
however, that certain heuristic procedures which will 
improve mathematical problem-solving performance can 
be learned--provided the teacher illustrates how the 
procedures work~ gives ample opportunity for discussion, 
practice, and reflection~ and supports and encourages 
the learner's efforts. The evidence on this issue is 
far from definitive, but it is encouraging enough to 
warrant consideration. (1978, p. 191) 
Investigations by Kantowski (1975, 1977), Maracucci (1980), 
Schoenfeld (1979, l980b) and Webb (1979) have given credence 
to these conclusions. In many of these surveys and research 
results little is said about finding problems that are 
interesting or are important to the student. Problem solving 
takes on many forms, and while some advances are being made 
in dealing with classroom problem solving, it is not clear 
how much of this will transfer to solving problems outside 
of a mathematics class, which should ultimately be our goal. 
It is not the intention here to consider all of the various 
aspects of problem solving. Only a brief summary of the 
situation at the end of the 1970's when this study was begun 
will be given here, for to give an in-depth examination would 
detract from the emphasis on real-problem solving. 
-;,-.. ~__,....,.....'"""'..,._..__,., , ____ -·--·---- -·· ~ -·· ... ----~---··----
The Many Facets and Definitions of 
Problems and Problem Solving 
In considering effective ways to help students become 
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good problem solvers, the many facets and interpretations of 
problem solving should be examined. It can and has been 
interpreted as a routine endeavor, trouble shooting, solving 
exercises in textbooks, working puzzles, and solving ere-
atively difficult problems. Problem solving can be consid-
ered as a goal, as a process, or as a skill~ clarifying the 
differences between the three interpretations can help us 
understand pedagogical ramifications. Nicholas Branca (1980) 
pointed out that in stating the main reason for teaching math-
ematics as the assistance it gives in solving problems, we 
are emphasizing the goal: 
When problem solving is considered as a goal, it is 
independent of specific problems, or procedures or 
methods, and of mathematical content. The important 
consideration here is that learning how to solve prob-
lems is the primary reason for studying mathematics. 
This point of view influences the tone of the entire 
mathematics curriculum and has important implications 
for classroom practice. (pp. 3-4) 
When interpreted as a process, the emphasis is on the methods 
and strategies used to consider the given facts of the prob-
lem, developing some sort of plan of attack and substrategies, 
and understanding what is needed or desired in terms of 
output or a solution. The new emphasis on problem solving 
today is focusing on the interpretation of problem solving 
as a process. Finally, as Branca pointed out: 
·••- -;.~....._-~-.......---- -·~---- --··--•· .. ---~-·-···-----··----------~-w·:r~--..,....-• ... "'• 
In interpreting problem solving as a basic skill, one 
is forced to consider specifics of problem content, 
problem types, and solution methods. The focus is on 
the essentials of problem solving that all students 
must learn, and difficult choices need to be made 
regarding the problems and techniques to be used. 
(p. 6) 
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There is a danger in looking at problem solving strictly as 
a basic skill, teaching specific and disconnected methods 
for specific kinds of problems as in a list of minimal com-
petencies for basic skills in calculation. 
In any discussion of problem solving, a clear defini-
tion of a problem is required, so that there is no misunder-
standing between the author and reader. Henderson and Pingry 
(1953) have suggested a set of very useful criteria which 
have been adopted by others (Kinsella, 1970, p. 242~ Lester, 
1980, p. 30). Henderson and Pingry listed the following 
necessary conditions for the existence of a "problem-for-a-
particular-individual": 
1. Individual has a clearly defined goal of which he 
is consciously aware and whose attainment he desires. 
2. Blocking of the path toward the goal occurs, and 
the individual's fixed patterns of behavior or habitual 
responses are not sufficient for removing the block. 
3. Deliberation takes place. The individual becomes 
aware of the problem, defines it more or less clearly, 
identifies various possible hypotheses (solutions), 
and tests these for feasibility. 
It follows from these conditions that whether or not a 
situation is a problem is subjective--it depends on the indi-
vidual. Lester (1980) observed that the following are con-
sequences of the definition of a problem: 
-;.~ .. ~~--·------·~-------- ... -~ .... ---~----------~---.. --~-~ .... ----.· 
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in order for a situation to be a problem for an 
individual, the person must: (1) be aware of the 
situation, (2) be interested in resolving the situa-
tion, {3) be unable to proceed directly to a solution, 
and (4) make a deliberate attempt to find a solution. 
A mathematical problem then, is simply a problem for 
which the solution involves the use of mathematical 
skills, concepts, or processes. (p. 30) 
Textbook "problems," the most frequently encountered 
kind, can be enigmas for students "who do not know what the 
s~nbols mean, or see no relationships whatsoever [since] 
the 'problems• have no chance of becoming problems 11 (Hender-
son & Pingry, p. 231). For students who can work a 11 problem 11 
in a list of homework problems automatically, using well-known 
algorithms, e.g., solving a linear equation, there is no 
blocking and the problem is simply an exercise. These do 
not develop problem-solving abilities~ rather they allow a 
student drill on skills and algorithms. But for a person 
who does not know the algorithm, the problem becomes a 
challenging one, requiring a variety of approaches. 
Henderson and Pingry emphasized that the first condi-
tion involves desiring the attainment of the solution: 
Whether textbook 11 problems 11 are problems can be deter-
mined by examining them in terms of the three necessary 
conditions. • • • When this is done, the only conclu-
sion is that it all depends on the student's reaction. 
If he accepts the "problem 11 as his own (that is, if 
his ego becomes involved), then the solution of the 
11 problem 11 has met the first conditions for a problem. 
It is important to note that it really makes no 
difference whether the student poses the "problem" 
(question) for himself or whether the teacher or textbook 
poses it. The crucial factor is the extent to which 
the student's ego becomes involved in the problem. 
(pp. 2311 232) 
.• , •. -t;,--.. ~~~- ... ------~-- ... ---·-----· 
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All too often the textbook problem is one for which the 
student response is "who cares?" The question "How is .1 
(base ten) represented in base sixteen?" may be interesting 
to the teacher, but it will not be exciting for many stu-
dents. How much better for the teacher and the student if 
the problem is generated by the student and the solution to 
the problem is strongly desired by the student. 
Problem solving generally involves the 
coordination of knowledge, previous experience, intui-
tion, and various analytical and visual abilities in 
an effort to determine a workable outcome to a situa-
tion regarded as a problem~ furthermore a procedure 
for completely determining the outcome is not already 
known. (Lester, 1980, p. 32) 
The entire subject of problem solving is so complex that to 
be able to understand it better, several authors have broken 
it down into categories and examined it one aspect at a 
time. Claire Hill (1979) in her helpful annotated bibliog-
raphy, Problem Solving, Learning and Teaching, separated 
the entries into 11 groupings, ranginq from problem solving 
as using associations to problem solving as a goal and as 
solving exercises (see Appendix A). Mary Kantowski (1981) 
has suggested separating problem solving into three distinct 
categories: verbal, non-routine, and real. Three steps 
seem to be most often used to solve verbal problems: recog-
nizing the structure of verbal problems, selecting an appro-
priate algorithm, and correctly applying the algorithm 
(Knifong & Holtan, 1976~ Meyer, 1978). "Skill in computa-
tional processes is necessary for solving problems • • • but 
.,,.- -t,·-...,.,._~-.~---- --- ... -~---··~--·""' ---~--·--------------------·:r.-·-··· 
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having these skills does not guarantee successful problem-
solving" (Kantowski, 1981, p. 114). Certain standard tech-
niques such as trial and error, drawing diagrams, organizing 
data .into a table and trying simpler problems are all impor-
tant in solving the non-routine problems. The four steps 
suggested by Polya are well-known: understand the problem, 
plan the steps, carry out the plan, and examine the solution. 
Other authors have suggested variations and extensions (Lester, 
1980; Schoenfeld, 1980a, pp. 9-10). 
The concept of a real problem is discussed in Chapter I. 
It is. characterized as having no given boundaries~ the cor-
rect solution cannot be found by applying a previously taught 
algorithm. A problem is considered real if it satisfies the 
following conditions: 
(1) the problem applies to some aspect of student life 
in the school or community, (2) a solution is needed 
and not presently known, at least for the particular 
case in question, (3) the students must consider the 
entire situation with all the accompanying variables and 
complexities, and (4) the problem is such that the work 
done by the students can lead to some improvement in the 
situation. (USMES, 1976b, p. 5) 
Little research has been done on real-problem solving~ indeed 
Kantowski's article mentioned only the work done in the USMES 
project. 
Another useful way of looking at problem solving is to 
categorize the relationship between the three major parts 
of the procedure: the question (the input, what is given)~ 
the procedure, method or process~ and the solution (what is 
...,....,._""'"'"' _ _,,. ___ -·~------·-~-··""' ---~·--··------· --~-----.. --·---· ..---...- -
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to be found, the output). The following chart summarizes 
the seven possibilities. 
question procedure solution 
1 typical exercise 
2 geometry proofs 
3 forgotten computer program 
4 tests, puzzles 
5 practice on algorithms 
6 unusual situation 
7 compl~tely open 
given 
given 
given 
given 
given 
given 
given 
given 
given 
In many situations, particularly textbook problems, the 
questions are given and the appropriate method or algorithm 
has been explained, so that the only part left unknown is 
the answer or solution (type 1). A standard 11 supply-the-
proof11 question in a high school geometry course begins with 
the questions (hypothesis) and the solution (conclusion) and 
asks for the procedure or proof (type 2). An example of 
type 3 is the computer program, written six months ago 
following the procedures of good programming so that it runs 
properly (solution), but being poorly documented, the purpose 
of the program {question) has been forgotten. Type 4 
follows the format of a typical exam question where the ques-
tion is given but the appropriate method and solution must 
be determined. Types 5 and 6 are unusual, but may be occa-
sionally given as variations to the other kinds of problems. 
The only one of these forms which approximates problems 
found in the 11 real world 11 is the last variety where the ques-
tion must be formulated by the student as must the method of 
solution and the conclusion. It is this latter kind of 
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problem which is featured by USMES. It is to be hoped that 
the increased ability to solve the more closed and restric-
tive of these kinds of problems will develop the necessary 
cognitive skills to solve some of the more open kinds. But 
this will probably not happen without the student's being 
exposed at some time to the more open problems. As Loman 
et al. (1975) pointed out, the open-ended problem has a dis-
tinct character~ arranging experiences to help students solve 
this kind of problem should be the ultimate goal of our 
teaching. They made the following distinction: 
There are a variety of uses of the phrase "real problem" 
which are not relevant to the need for practical problem-
solving skills. Sometimes "real problem" is used to 
denote a fragment of the whole situation at hand with 
boundaries carefully drawn and controlled. Often it 
means a made-up problem which however is consistent 
with physical law and the general societal structure. 
An "application" of a mathematical formula or a science 
concept is an attempt to relate such abstracts to 
reality, but it eliminates the need to search for the 
knowledge and methods which may apply. 
Problems which are real in the above ways may have 
many educational uses, but they will not prepare a 
person to cope with the complicated and many-faceted 
problem situations met in real life. (p. 54) 
A detailed examination of the real-problem-solving cur-
riculum and the USMES program ~s an important background to 
this study of the use of the concepts and instructional 
strategies of the USMES program in a college general education 
mathematics course is described more fully below. 
The Real-Problem-Solving Curriculum 
Since the time of John Dewey there has been an interest 
in making education relevant and meaningful to the student. 
..• -· -:t.-.. ----~-.-----·-- -·---------·--·· ... 
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In Dewey's Laboratory School at the University of Chicago, 
children learned about the work of man and his occupations 
by being involved in projects or problems rather than pas-
sively following information given by the teacher. Dewey 
argued that children would learn to think if they were 
actively trying to solve problems of genuine interest to 
them. Dewey summarized his philosophy in his book, Exper-
ience and Education (1938). 
Basic to his own philosophy is a single "permanent 
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frame of reference--namely the organic connection between 
education and personal experience~ or that the new philos-
ophy of education is committed to some kind of empirical and 
experimental philosophy" (p. 25). Truly educative experiences 
need to be agreeable for the student (arouse curiosity, 
strengthen initiative), to be based on some realization of 
the student's past experiences and to "live fruitfully and 
creatively in subsequent experiences" (p. 28). This idea 
Dewey called the principle of Continuity of Experience. Fur-
thermore, experience not only changes the person inwardly 
(formation of attitudes, new knowledge) but it also changes 
the objective conditions under which experiences take place. 
Equal importance then should be assigned to both the internal 
and external factors which interact with each other. This 
was Dewey's second principle of experience. Finally, Dewey 
argued that the principles of continuity and interaction 
themselves intertwine and provide a basis on which to judge 
the measure of an experience. 
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What are some of the ramifications of these principles? 
Traditional education is deficient because it emphasizes the 
external conditions of learning rather than the kinds of 
internal experiences the students have. The subject matter 
as viewed in traditional education consists of skills, facts, 
and cultural heritage from the past which should be taught to 
all students, who may need to know the material for future 
courses, jobs, and responsibilities in the future. But prep-
aration, for Dewey, is a "treacherous" idea if it is believed 
that acquisition now of unrelated facts and truths will be 
useful at some time in the future or that a student will be 
able to make effective use of these facts in new and dif-
ferent situations and considerations. Such a false assump-
tion violates the principle of continuity, which implies 
that education must deal with present meaning and understand-
ing as well as with the truths of the past and preparation 
for the future. At the same time Dewey warned that we should 
not make the opposite mistake which progressives frequently 
make of emphasizing only activities of the present. 
The routine lecture, discussion, and homework sequence 
of activities found in the traditional classroom spawns 
boredom and leads to what Dewey called "miseducative exper-
iences. 11 But he cautioned against making the opposite mis-
take of allowing only those experiences which are completely 
agreeable for the student, determined by the wishes and 
desires of the students which may not be worthwhile or 
- . .. 
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"educative ... The trouble with the former experiences is that 
they take into account so little of the internal factors of 
an experience, thus violating the principle of interaction 
from the 11 internal side. 11 On the other hand, educational 
theories which 11 subordinate objective conditions to those 
which reside in the individuals" (p. 58) fail to take into 
account the importance of external \vays (equipment, books, 
manipulative materials and social situations) as well as the 
expertise gained from the experience of the past. Dewey 
observed: 
[The teacher] must survey the capacities and needs of 
the particular set of individuals with whom he is deal-
ing and must at the same time arrange the conditions 
which provide the subject-matter or content for exper-
iences that satisfy the needs and develop these capaci-
ties. The planning must be flexible enough to permit 
free play for individuality of experience and yet firm 
enough to give direction towards continuous development 
of power. (Dewey, p. 58) 
There was a third major issue which Dewey discussed, 
namely that of individual freedom versus external control. 
First of all, Dewey argued for democratic and humane arrange-
ments in setting up an educational framework: 
Does not the principle of regard for individual freedom 
and for decency and kindliness of human relations come 
back in the end to the conviction that these things are 
tributary to a higher quality of experience on the part 
of a greater number than are methods of repression and 
coercion or force? (p. 34) 
A goal of education should be the development of the ability 
to exercise self-discipline and self-learning. Neither an 
authoritarian approach nor a complete lack of control will 
lead to this end. Freedom is not an end in itself and the 
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freedom of the teacher is as important as the freedom of the 
students. For Dewey, the planning of the teacher must be 
such that the teacher beccmes a collaborator and a leader, 
not a boss. 
Finally, we consider Dewey's concept of how subject 
matter is a part of a theory of experience. Important objec-
tive conditions have been linked with the learning of subject-
matter, and include observation, memory, information derived 
from books and teachers, imagination and problem-solving~ 
but these must be involved in integrated and meaningful 
activities. The problem of instruction is that of finding 
material and classroom experiences which develop previous 
experiences "into a fuller and richer and also more organized 
form, a form that gradually approximates that in which sub-
ject-matter is presented to the skilled, mature person" 
(pp. 73-74). The starting point of instruction should be 
determined in terms of what the child already knows, and the 
orderly development of concepts should be made in terms of 
careful consideration of facts and ideas. But basic ideas 
cannot be picked up in a confused, cursory manner (p. 79). 
When classroom experiences lead to unfamiliar ideas, 
problems arise~ these problems stimulate thinking and often 
provide motivation for the learners to pursue solutions. The 
educator must consider two aspects equally: 
First, that the problem grows out of the conditions of 
the experience being held in the present, and that it 
is within the range of capacity of students~ and, 
~- -· -t:-"'""""~.,...---.... ..... -.-·-- ---------·-~-~·-""" --~--·-----
secondly, that it is such that arouses in the learner 
an active quest for information and for production of 
. ideas. (p. 79) 
Experiences should involve the organizing principles of 
analysis and synthesis. Using the scientific method as a 
prototype of a way to investigate and organize ideas is 
highly recommended, although this should not be done with 
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young children. Through this method, with proper attention 
, 
to the organization of facts and ideas, truly successful 
educational experiences may be obtained. 
In a 1918 article entitled 11 The Project Method 11 in the 
Teacher's College Record, William Kilpatrick argued in a 
similar vein that education should be considered as life 
itself and not simply as a preparation for life or for some 
course to be taken later. Seven years later Kilpatrick 
wrote in his book Foundations of Method: Infonnal Talks on 
Teaching that the practice of teaching narrowly conceived 
bits and pieces of knowledge and skills to children was 
ineffective and ill-advised. Believing that children at some 
time could effectively unify the isolated components of their 
education was doing a great disservice to the children 
(White, 1978, p. 184). 
During the Depression, partly due to the instability of 
the economic and social situation, the development of the 
problem-solving approach to the teaching of mathematics was 
minimal. However, in 1932 and 1933 the Progressive Educa-
tion Association helped to bring together 30 secondary 
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schools throughout the nation to develop and evaluate 
alternatives to the usual practice of "subject-matter acqui-
sition. 11 The project was called the Eight-Year Study, and 
was characterized as follows: 
These schools sought to plan their curricula around 
the problems arising from the personal-social inter-
actions of the individual in the various aspects of 
living. Using the categories of personal living, 
immediate personal-social relationships, social-civic 
relationships, and economic relationships, the schools 
attempted to detexmine basic adolescent needs in a given 
situation, and to design units of study to meet these 
needs in such a way as to develop the characteristics 
of personality needed for effective functioning in a 
democratic society. This may be called the adolescent-
needs approach to core course organizations. (Giles, 
McCutchen, & Zechiel, 1942, p. 44) 
The interest in problem-solving goals grew during the 
1940's and 1950's, but the traditional approach continued 
to dominate. Several states moved to a "social-functions 
curriculum 11 which emphasized the teaching of problem solving 
encompassing several subject fields (White, 1978, pp. 186-187). 
A number of educational leaders, including Harold Alberty, 
Roland Faunce, and Morris Kline, called for integrating the 
teaching of mathematics with other subjects. At the same 
time the essentialists, those who felt "that our democratic 
way of life would be continued only if each and every child 
comprehended the uniqueness of all separate subjects in the 
same manner as did the scientists, mathematicians, and 
scholars who represented those disciplines" (White, 1978, 
p. 187), argued for their differing educational point of 
view. 
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The success of the launching of Sputnik by the Russians 
in 1957 provided the catalyst for the essentialists to push 
their curriculum ideas, leading to the so-called reforms of 
the 1960's. Many of these reforms, such as the School Math-
ematics Study Group (SMSG) and the University of Maryland 
Mathematics Project (UMr-laP), did develop materials which 
were less drill-oriented, but they emphasized the deductive 
approach to the teaching of the material. While some of 
these projects began to provide opportunities for explora-
tions and integration of some mathematics and science 
topics, they were mainly content-oriented. 
The strong advocacy of Morris Kline in the late 1950's 
and the 1960's for the use of real problems to motivate the 
learning of mathematics and to provide a _source of experiences 
in problem solving has been outlined earlier in this chapter. 
In 1961 Professor Robert B. Davis spearheaded the Madison 
Project and Professor Paul Rosenbloont directed the MINNEMAST 
Project, both of which attempted to put into practice mathe-
matics teaching following philosophies similar to those 
stated by Morris Kline. During the 1960's the development 
of the teaching of mathematics was greatly influenced by 
three gatherings in Cambridge, Massachusetts, of mathematicians 
and mathematics educators. The dominant message of the 
first two conferences was that of essentialists, rather than 
that of Kline, Davis, and Rosenbloom, with problem solving 
relegated to a place of minor importance, and defined in a 
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restricted way, namely, the posing of word problems which 
were made up by the textbook writer and which indicated the 
writer's perception of the children's needs. The justifica-
tion for the recommended approach was based on the convic-
tion that children would learn best if the ideas were intro-
duced with an emphasis on the unifying structure of the dis-
cipline. 
If the high school mathematics program was to incor-
porate new content in a curriculum organized around 
powerful but abstract structuring concepts and pro-
cesses, preparation in elementary and junior high 
school had to change too. At the same time [Jerome] 
Bruner forecast improved acquisition and transfer 
through focus on the structure of disciplines, he 
re-emphasized concern for psychological issues like 
readiness, intuitive versus analytical thinking and 
concrete versus formal experience in learning. These 
curricular and psychological forces had a strong impact 
on thinking about goals for mathematics instruction K-8. 
(NACOME, 1975, p. 3) 
These reports lacked any consideration of what students 
might be interested in learning, any attempt at integrating 
mathematics with science in a meaningful way, any effort at 
making the learning of mathematics enjoyable, and any notion 
of the conception of real comprehensive problem solving 
(Webb & Ost, 1978, p. 199). 
The third conference, the 1967 Cambridge Conference on 
the Goals for the Correlation of Science and Mathematics, 
sought to bring a balance to the directions of curriculum 
changes. One main·theme of the conference was the considera-
tion of the teaching of mathematics and science in an inte-
grated fashion. The report for the Conference argued that 
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combined teaching gives greater strength and an opportunity 
to look at problems from two different points of view. It 
warned against assuming that the relatively few children who 
could learn abstractions would be able to transfer the gen-
eral principle to important specific cases. Finally, "the 
very use of concrete examples and new concepts and motiva-
tions emanating from the science side increases the flex-
ibility of the organization of mathematics instructions" 
(Cambridge Conference, 1969, p. 8). Indeed, abstractions 
can be learned by most students better through experiences 
with their concrete representations. 
The report admitted that a mathematics course emphasiz-
ing solving of real problems would not be easy to achieve. 
It would require a major change in the style of school 
instruction, involving semi-individualized and small group 
learning. It would allow teachers and curriculum planners 
to ask some important questions, e.g., why do we spend so 
much time on discrete situations and not on measurement of 
continuous quantities? What is most important for the 
child? 
We believe that the primary goal of science education is 
an understanding of scientific methodology, and that 
the goal of mathematics education is a familiarity with 
logical reasoning, particularly as it concerns quanti-
tative reasoning. We specifically do not include any 
particular bit of scientific knowledge or any partic-
ular mathematical technique. • • • Only a sample of 
[the various topics] could be taught to even the most 
brilliant children and by an approach depending com-
pletely on memorization. Since we hope that most of 
the effort will be spent on teaching the scientific 
-~------------- - . .. 
88 
method, we must expect that children will acquire only 
a small sample of scientific knowledge. Moreover, we 
see no reason why one child's sample should be the same 
as another's. (Cambridge Conference, 1967, pp. 9-10) 
While the conference report focused on the ability to 
solve real-life problems rather than on the learning of 
specific topics, it did devote an entire chapter to the dis-
cussion of some of the more specific educational objectives 
of the integrated curriculum. Conceptual models should play 
a central role. The student is to learn how to pose a ques-
tion in order to solve a problem of relevance to him or her 
and then to find sufficiently simple models which underlie 
the complex situation. Ability to manipulate the model 
mathematically allows for prediction and control of the behav-
ior of the real objects. In order to obtain solutions, obser-
vation, reason, and factual knowledge need to be used. Cer-
tain attitudes are needed for modeling, among them are 
included a feeling for the relative significance of the dif-
ferent aspects of an observed situation, a facility for 
reducing the problem to a simplified abstraction, an ability 
to estimate before and after doing calculations, and a 
facility to make computations, both mentally and with calcu-
lators. It is also expected that the student should learn 
certain topics in order to be able to solve real-life prob-
lems most effectively. Among these topics are included 
inequalities, the order structure of real numbers, real number 
addition and multiplication, the laws of number operations, 
the algorithms, functions and graphs, intuitive geometry, 
-··-----· ----·--·- ----------..-.---·-
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probability and statistics, and deductive thinking. Beqin-
ning ideas in each of these areas can be begun in the early 
grades and learned more deeply as needed by the student. 
In 1973 there were four mathematics conferences, each 
of which included in its report a statement calling for 
combining mathematics and other disciplines, for teaching 
mathematics as an exciting, enjoyabl~ subject, and for pro-
viding experiences which directly involve students. These 
conferences were the Orono Conference on the Middle School 
Mathematics Curriculum, the Cape Ann Conference on Junior 
High Mathematics, the Snowmass Conference on the K-12 Cur-
riculum and the Estes Park Conference on Real Problem Solving 
in adolescent education. Hence, while the interest in 
real-problem solving in the school curriculum was being dis-
cussed by a large number of participants in the early 1970's, 
the lack of similar interests and activities with real-problem 
solving on the college level, as we have observed, is all 
the more surprising. Furthermore, during the same decade 
the USMES project developed into a major curricular program 
with over 20 booklets (study guides), a series of how-to 
booklets, background papers, workshops and implementation in 
elementary schools throughout the United States. 
Unified Sciences an for 
Elementar Schools 
The Unified Sciences and Mathematics for Elementary 
Schools (USMES) Program was an outgrowth of the recommenda-
tions of the 1967 Cambridge Conference and was directed by 
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one of its participants, Dr. Earle Loman. It flourished 
for approximately 10 years starting in 1970, was coordinated 
by the staff of the Educational Development Center in Newton, 
Massachusetts, and was funded by the National Science Foun-
dation. We have already considered the main principles of 
USMES in Chapter I and the definition of the open-ended, real 
problem earlier in this chapter. We will look at the USMES 
program in some detail here. 
A real problem originates from an experience in the 
real world and "connotes a practical, immediate impediment 
to good, safe and pleasurable living" (Loman et al., p. 54). 
Such problems are selected by the students or the entire 
class and arise from difficulties faced by the students--
what is the best way to learn, what is the best buy with a 
limited amount of money, or can cafeteria service be improved? 
Dealing with problems involves identifying the variables, 
seeing if they can be quantified, making observations, set-
ting up models, talking with others and making value judg-
ments. 
A real problem is then ill-defined, complex, and many-
faceted. Tackling such a problem successfully requires 
more than the ability to handle the range of specific 
things that will need to be done. The more important 
task is to make sense out of the vagueness, relate the 
many facets, and pull together the strategies which will 
ameliorate the situation. Thus, the cognitive skills 
needed are flexible and integrative, not specific and 
hierarchical. (Loman et al., pp. 54-55) 
The basic assumption that "experience is the best 
teacher for the attainment of proficiency in the complexities 
.... - -;;-~~-.---------·-·-------·-~-·-· 
91 
of problem solving and decision making ••• 11 (Loman, n.d., 
p. 1) is, according to Loman, based on research done by Gagne. 
Gagne (1971) came to the conclusion that 11 cognitive strat-
egies 11 must be developed differently than 11 intellectual 
skills. 11 In order to help a student become a 11 good thinker, 11 
the teacher must provide many opportunities for the student 
to 11 encounter, formulate and solve problems of ma:ly varieties 11 
(p. 522). USMES was developed as a curriculum to provide 
opportunities for the student to become a 11 good thinker. 11 
The project was used most successfully in the elementary 
school. The teacher may present several challenges which 
arise from discussing issues in a broader context. The 
class, or small groups, accept the challenge and spend up 
to 60 hours in investigation, working out solutions, and 
testing the proposed solutions. If all goes well, student 
interest and motivation to learn are enhanced. Students may 
study mathematics skills as are needed to solve the problems 
and presumably learn these skills more meaningfully. There 
is less time needed for reteaching and reinforcing required 
skills. However, the USMES Guide made the following proviso: 
Because real problem solving activities cannot possibly 
cover all the skills and concepts in the major subject 
areas, other curricula as well as other learning modes 
(such as 11 lecture method, 11 11 individual study topics, 11 or 
programmed instruction) need to be used in conjunction 
with USMES in an optimal education program. However, 
the other instruction will be enhanced by the skills, 
motivation, and understanding provided by real problem 
solving, and in some cases, work on an USMES challenge 
provides the context within which the skills and con-
cepts of the major areas find application. (1976b, 
p. 30) 
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A variety of resource materials were used. Twenty-€ix 
problem units were produced for· grades 1 through 8. Teacher 
manuals for each of these units gave suggestions for class-
room and field activities in order to carry out the investi-
gations. "How To" cards and "How To" booklets for the stu-
dents discussed how to collect data, simplify data, measure, 
graph, make electrical devices, and build measuring devices. 
These were very helpful as resources. An integral part of 
the program was a design lab in a designated area of the 
school, where building materials and tools were to be kept 
to be used by the students in exploring their ideas. A list 
of the resource materials and a summary of the units are 
given in Appendix B. 
There were eight stated teacher responsibilities. Teach-
ers must first introduce the challenge in a meaningful way 
which allows the children to relate to it and open up general 
avenues of approach. They must be coordinators, collabora-
tors, and assistants in the projects. They must help the 
children get involved in the challenge and provide oppor-
tunity for them to work on it two to three times a week. The 
teachers must make materials and tools available. They must 
let the children make their own mistakes and find their own 
way and be ready to point out sources of help for specific 
information. The teachers need to provide frequent oppor-
tunities for group reports and student exchange of ideas in 
class discussions, letting the children improve the ideas 
~~ ,._.._-· .. ·---· 
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of the class. They should ask appropriate questions to stim-
ulate student thinking, and to increase the depth of investi-
gation and analysis of data. Finally, they should make sure 
that the groups are of sufficient size that the activities 
do not become fragmented or stalled (USMES, 1976b, pp. 7-8}. 
In addition to developing an elementary school real-
problem-solving curriculum, USMES undertook the widespread 
diffusion of the program through workshops to inform teachers 
and administrators of its rationale and classroom procedures. 
The following description is taken from L. Davidman•s eval-
uation of USMES (1976}: 
In 1971-72, after a few development workshops which 
were not part of its Resource Team Workshop program, 
USMES/EDC committed itself to a series of two-week 
training programs which would diffuse its resource 
materials and philosophy on a nationwide basis. Pri-. 
marily, this would be accomplished by (1} training 
teachers to be USMES classroom implementers and local 
change agents simultaneously, and (2} by setting up 
Regional Centers throughout the nation to carry on the 
diffusion efforts after USMES/EDC phased itself out in 
1978. Where possible, regional USMES centers would be 
manned by university personnel and first generation 
USMES teachers. These teams, like USMES/EDC, would seek 
National Science Foundation funds and other sources of 
income to further USMES/EDC 1 s broad goals as well as 
their own regional needs. USMES/EDC would cooperate in 
this post-1978 effort by publishing an occasional 
journal of articles relating to USMES implementation 
and diffusion. (p. 148} 
In order to provide assistance for those who were work-
shop leaders, a book, Preparing People for USMES, an Imple-
mentation Resource Book, was published in 1975. It outlined 
the purpose of USMES informational meetings, namely, to 
engage in dissemination activities because of 11 the critical 
- . .. 
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ways in which USMES differs from other curriculum programs, .. 
to inform personnel in target schools and associated school 
districts about the advantages of using USMES in the class-
room, and to allow participants to experience real-problem 
solving by working on an USMES unit challenge at an adult 
level (p. 5). The entire list of key elements for an 
USMES Information Meeting is given in Appendix C. The 
workshops were an important part of the overall USMES project, 
but, according to Davidman, there were insufficient pre-
workshop preparation of participants and a lack of careful 
selection of teachers who really wanted to participate in 
the workshops and in USMES. 
The USMES project staff and a team of evaluators from 
Boston University undertook to assess the effectiveness of 
the program through the use of standardized tests, specially 
designed instruments involving a situational problem-solving 
exercise, in-depth interviews of teachers and administrative 
personnel, and various observations of interactions and 
activities within the classroom. Three questions were inves-
tigated in the process of evaluation. First was the question 
of whether or not USMES students attain higher or lower 
scores on basic scholastic skills in mathematics and reading. 
The Paragraph Meaning and Arithmetic computation subtests 
of the Stanford Achievement Test were given to control and 
experimental groups. The results showed that the USMES 
program did not hinder acquisition of basic skills (USMES, 
1976b, pp. 34-35). 
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George Stalker (1978) found that in a reasonably high 
percentage of sessions involving USMES-type challenges, 
skills in one or more of the categories of mathematics, 
language arts, science, or social sciences were used and dis-
cussed. For example, in 67.1% of the sessions, some kind of 
mathematics skill was used. In summary: 
The correlation of skills practice with class discussion 
of the relation of recent work to solving the challenge 
had a positive correlation at the .01 level. In other 
words, the more USMES strategy was followed, the more 
basic skills were learned. (Loman, n.d., p. 10) 
A second question considered whether or not USMES 
classes attained a higher ability to solve real-life prob-
lems than did students in regular classes. Shapiro (1973) 
developed a Notebook Problem which involved observing stu-
dents• attempts to determine the best buy among a variety of 
notebooks. This is described in some detail in Chapter IV. 
Shann (1974) developed a Pl~yground Design Problem and a 
Picnic Problem which were used in subsequent years. The 
USMES Student Study of 1976-77 (Arbetter, 1978) reported on 
the use of a Pencil Problem test which was administered to 
small groups of students. Children were selected from USMES 
and non-USMES groups at random and were presented with the 
current situational problem-solving test. For the Notebook 
Problem and the Playground Problem, the students were given 
an hour to try to find a solution. The Pencil Problem test 
"had a tightly organized administration and scoring protocol 
and could be administered to three to five students in 
15 minutes. This made it practical as a diagnostic instru-
men t" (Loman, n. d. , p. 5 ) • 
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The results of the Notebook Problem indicated that USMES 
students achieved significantly higher levels on the use of 
quantifiable variables and objective reasons for decisions 
(Shapiro, 1973). Problems in test design made the results 
in 1972-73 and 1973-74 unreliable, but the data showed no 
significant differences. The USMES Student Study found that 
students with more than 20 hours of experience in USMES-type 
projects scored significantly higher on the Pencil Problem 
than non-USMES students. The school which showed the most 
positive effects of USMES was the one whose faculty and prin-
cipal also indicated the strongest support of the USMES 
program (Arbetter, 1978). Views of teachers indicated their 
impressions that the USMES program had taught problem-solving 
skills and effectively changed student behavior in that area 
(Loman, n.d., p. 8). 
A third question dealt with the kinds of classroom orga-
nization, verbal interaction, interpersonal relations, and 
group dynamics which are typical in USMES classes. Trained 
observers visited 30 USMES classrooms and 30 non-USMES class-
rooms nine times during the year and noted the activities and 
interactions. USMES classes used small groups more often 
and changed the format of the class more often than non-
USMES groups. Children in the USMES classes added their own 
ideas to discussions in large group meetings much more fre-
quently than the students in non-USMES classes, while the 
non-USMES students gave only specific responses to specific 
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questions more often. The USMES classes involved much more 
child-child interaction and in general showed tnore flexi-
bility in the activities which ·took place. Finally, student 
responses to questionnaires about their feelings about USMES 
classes indicated that a large proportion felt that USMES 
was fun and interesting, 4% felt that USMES classes were 
boring, and 50% said that USMES was hard work (USMES, 1976b, 
pp. 35-37). The 1976-77 USMES Student Study used 11 A Ques-
tionnaire on Attitudes Toward Real Problem Solving 11 (QARPS) 
in which questions were classified in three categories: 
those dealing with attitudes toward producing effective 
results~ those dealing with attitudes toward working with 
others in small groups~ and those dealing with attitudes 
toward specific activities. Students who had spent more 
than 20 hours on USMES projects showed significantly stronger 
attitudes in each of these categories than students with no 
USMES experience (Arbetter, 1978). 
In contrast to the fairly rosy picture painted by the 
USMES evaluation reports and the Loman article is the more 
detached assessment in the NACOME report: 
Evaluation completed during the 1974-75 school year 
indicates that these problem-solving experiences are 
attractive to students and teachers, who see many 
important mathematical ideas developed by the units. 
However, the extreme diversity in patterns of trial 
usage make it difficult to judge the potential of 
USMES curricula. If anything, USMES teachers have 
replaced regularly scheduled science time, not mathe-
matics. Progress toward the goal of enhanced student 
problem solving ability is very difficult to assess. 
(NACOME, 1975, p. 27) 
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A major evaluation of the USMES program was undertaken 
by Leonard Davidman as a doctoral research project while he 
was a member of the Department of Elementary Education at 
San Jose State University. He used tape recordings of class-
room lessons and interviews with 156 students, with teachers, 
and with administrators at one of the elementary schools in 
the California Suburban School District. Further, he made 
daily observations in one USMES classroom (9 hours a week 
from October 1974 to May 1975), interviewed teachers in five 
other USMES classrooms, used attitude inventories, carefully 
looked over publications written by personnel of USMES, 
surveyed 90 teachers and administrators involved elsewhere 
with USMES projects, and looked over literature from other 
developmental curriculum projects (Davidman, 1978, p. 397). 
From this wide variety of information Davidman presented 
six findings and several recommendations about the USMES 
program. These are summarized below: 
(1) The vast majority of the students did not seem to 
be coming into contact with problematical situations, partly 
due to the tendency of the teachers to become involved in the 
identification and the direction of the problem-solving 
effort. In many cases the students were not allowed to exper-
ience short-term frustration. 
(2) The findings of 
• • • self-report evidence gathered by the Krutchfield/ 
Covington Attitude Inventory strongly suggests that the 
effective environments in three out of the six USMES 
classes were detrimental to the positive development 
of problem-solving skills and attitudes related to 
sharing, trusting, risk-taking, question-asking and 
respectful listening. (p. 400) 
The teachers did not seem to help students build better 
human relationships in the classrooms. About 50% of the 
students remained reluctant to ask questions, felt that 
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there had to be a correct answer before they would volunteer, 
and expected other children to reject their suggestions. 
(3) About half of the students felt that they lacked 
the basic skills to start even the first steps in solving a 
problem, that they had missed s~ne important idea, and they 
got rattled and confused when trying to think. 
(4) The USMES developers "chose to work with the assump-
tion that educational research had already validated certain 
aspects of their real-problem solving concepts" (p. 402). 
This attitude, according to Davidman, was manifest in the 
USMES decisions not to develop fully some of the material 
needed to help participating teachers understand the process 
of teaching, to make workshops "one-recipe affairs," and to 
try to disseminate rapidly the units and give the impression 
that the units were part of an established curriculum. 
(5) There was too little ref~ective thinking on the part 
of the participants and too little feedback from administra-
tors. 
(6) A number of hidden learnings emerged: e.g., coop-
eration can lead to achievement of goals but so can competitive 
procedures~ competition may be rigged~ teachers may compete 
~~- ----·--·--··· 
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rather than cooperate~ and students can learn about large 
complex problems and at the same time not be mature enough 
to identify their own problems. Davidman concluded: 
It is difficult to assess the significance of the con-
tradictory character of the USMES/CSSD's [california 
Suburban School District's] latent curriculum. This 
difficulty notwithstanding, I believe that it is wise 
to assume that the explicit, central objectives of a 
curriculum project will be more readily achieved when 
the explicit and implicit aspects of a curriculum rein-
force each other. (1978, p. 405) 
Davidman recommended that the staff of USMES (1) provide 
information and define questions to help teachers work with 
developing human relations, (2) give teachers suggestions 
in order to avoid pitfalls which occur when the class leaves 
the classroom and goes into the community, (3) develop a 
social-studies/math unit, and (4) stress the importance of 
"developing a proper affective climate to facilitate the 
emergence of real-problem skills 11 (1978, p. 406). For edu-
cators there are seven recommendations including the follow-
ing two: 11 Be cautious about the claims you make regarding 
problem solving education •• [ B J uild eclecticism in to 
your design because it is conceivable, even probable, that 
differing types of problem-solving experiences reinforce 
each other" ( 1978, p. 407). Finally, Davidman reminded his 
readers that those activities and experiences which help the 
student grow personally and gain self-confidence, i.e., those 
experiences which "make teachers effective change agents," 
are not always the same activities which help students solve 
problems more effectively (1978, p. 408) • 
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Difficulties in Trying to Improve the General 
Education College Mathematics Course 
Most of the teaching in the college-level general 
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education mathematics courses has been characterized by the 
use of the lecture approach and the teaching of disconnected 
mathematical topics. While a number of instructors have tried 
changes in curricula or teaching approaches with some success, 
few if any of these experimental courses have involved stu-
dents in inquiries of direct importance to themselves or 
encouraged them to take responsibility for their own learn-
ing. While attempts in some elementary schools to use the 
solving of real problems as a framework to help students 
develop problem-solving skills and learn mathematics in the 
context of the immediate need for mathematics have been 
partly successful, similar attempts have not been made in 
the college mathematics course. Changes to improve the 
situation have not been, on the whole, successful. 
One of the most obvious reasons is the narrow training 
of most of the teachers of this course. College mathematics 
teachers usually have earned their degrees in the mathematics 
departments of graduate schools in this county. Mathematics 
graduate courses are noted for extreme specialization, are 
taught in isolation, and are frequently characterized by the 
theorem-proof approach with little attempt to motivate. 
When the students in these courses become college teachers, 
they frequently don't know much about the history of mathe-
matical ideas or how these ideas relate to the world outside 
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of mathematics. The mathematics teacher, who has been 
enthralled with the tight logical connection between mathe-
matical statements and by the beauty of abstract mathematical 
ideas, finds a tremendous gap in this thinking and the naive 
thinking of his students. Furthermore, the teacher has 
little or no training in other fields such as science and 
social science and is unable to foster an interdisciplinary 
approach. 
Teachers who come from such a background find it very 
difficult to change their style of teaching. As Malcolm 
Knowles (1975), in describing his experiences in becoming a 
collaborator with students trying to take responsibility for 
their own learning, pointed out: 
In the first place, my concept has changed from that 
of teacher to that of facilitator of learning. This may 
seem to be a simple and perhaps even superficial change. 
But I found it to be fundamental and terribly diffi-
cult. It required that I focus on what was happening 
rather than on what I was doing. It required that I 
divest myself of the protective shield of an authority 
figure and expose myself as me--an authentic human 
being, with feelings, hopes, aspirations, insecurities, 
worries, strengths, and weaknesses. It required that I 
be clear about precisely what resources I did and did 
not have that might be useful to the learners, and that 
I make the resources I did have accessible to them on 
their terms. (pp. 33-34) 
An instructor trying to implement a student-centered approach 
needs to become more involved with meeting the needs of stu-
dents and to deal with personal feelings of frustration, 
uncertainties, and satisfactions. Many teachers, however, 
prefer to maintain the comfortable role as "authority 
figure. 11 
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Most colleges have requirements which may conflict with 
the goals of a class featuring alten1ative teaching methods 
and student involvement in solving real-life problems. Cat-
alog course descriptions must be followed, grades need to be 
determined, and attendance policies are to be enforced. 
Teaching in an alternative manner frequently takes more 
preparation time and requires more involvement with students, 
particularly when individual students are working on differ-
ent problems. The teacher must cope with students who are 
not used to an alternative method of learning and feel dis-
oriented and frustrated when asked to take responsibility 
for their own learning. Finally, the teacher who really puts 
the needs of his students above the subject matter taught 
must be prepared to deal with different styles of learning 
and with varied concerns. 
Another problem which has to be dealt with is the fre-
quent poor background of students in mathematics and the 
less-than-enthusiastic attitudes which the students bring to 
the classroom. The task of finding real problems of a gen-
eral interest which require in some way the use of mathemat-
ics for their solutions is not at all easy. Performance of 
this task requires getting to know the students in the class-
room and perhaps outside of the classroom and trying to see 
their environment and their problems from their own point of 
view. 
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Teachers can easily be confused by the conflicting 
learning theories, e.g., the sequence theory ~evelopment of 
Gagne with its emphasis on the need to learn a subordinate 
skill before learning a higher skill and the discovery 
learning approach of Bruner with its emphasis on the overall 
structure of knowledge. It is so much easier to adopt one 
approach and ignore the claims of the other, when in reality 
a blend of several approaches may produce the most effective 
learning for individual students. 
Finally, mathematics is multidimensional and teachers 
are called upon to try to give their students a wide variety 
of learning experiences and to meet a long list of educational 
goals. They are asked to teach mathematics so as to display 
its historical, cultural, applied and abstract aspects~ to 
teach problem-solving and basic skills. Major curricular 
changes in the past have had mixed success, due in part to 
misdirected planning, mistaken pedagogy, or in many cases 
teachers' inexperience in using the new curriculum. But 
there must be a procedure which generates some interest and 
enthusiasm for mathematics and which involves the students 
in what is really important, that of trying to solve some 
problems from real-life situations. The difficulty is to 
find out what that procedure is. 
Research Methodology 
The choice of the appropriate research methodology must 
ultimately depend on the answer to the question of how and 
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where educators can get reliable and valid information in 
qrder to make decisions about curriculum and classroom pro-
cedures. The traditional "mechanistic mode" of scientific 
inquiry depends not only on random sampling (or an alterna-
tive) but also on a reasonably large number of subjects 
placed in control and experimental groups in order to satisfy 
statistical assumptions. Furthermore, it assumes that the 
research instruments used, such as attitude inventories and 
standardized tests, measure the constructs which they are 
intended to measure. In this study satisfying the first two 
assumptions (random sample and sufficiently large number of 
subjects) were impossible, and satisfying the assumption 
about the validity of the instruments can be challenged. It 
was clear, therefore, that alternative methods of inquiry 
should be considered. Indeed, as Frank Lester and Donald 
Kerr (1979) pointed out: 
Experimental studies force the experimenter to adapt 
the phenomenon being studied to the research methodology 
rather than require the experimenter to adapt the 
research methodology to fit the phenomenon. Although 
this approach may enhance internal validity (i.e., reli-
ability), there is considerable danger that external 
validity (i.e., generalizability) is destroyed. It 
seems appropriate to place more emphasis on non-experi-
mental research that does not require adapting the 
phenomenon in order to enhance the potential for gen-
eralizing results. (p. 230) 
The intention was that the curriculum builder should 
undertake formative evaluation, separate from the situation, 
and try to find out what was happening in the classroom, 
what the students were doing and learning, and how they felt 
about themselves in the particular context. This would 
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require two roles, potentially conflicting, namely, those 
of implementer in the classroom and of evaluator of the 
situation. The observer could not just come into the class-
room and observe what was happening since he was also 
involved in setting the conditions in which the students 
operated. As desirable as goal-free observation might be, 
some hoped-for goals were acknowledged, nevertheless. The 
goals were that the students would have improved attitudes 
toward mathematics, that they would learn basic skills in 
mathematics at least as well as in a traditional approach, 
that they would develop some ability to solve real-life 
problems, and that they would increase their ability to be 
responsible for their own learning. On this issue Michael 
Scriven (1967) has written: 
Now any curriculum builder is automatically engaged in 
formation evaluation, except on a very strict interpre-
tation of "evaluation." He is presumably doing what he 
is doing because he judges that the material being 
presented in the existing curriculum is unsatisfactory. 
So, as he proceeds to construct new material, he is 
constantly evaluating his own material as better than 
that which is already current. Unless entirely ignorant 
of one's shortcomings as a judge of one's own work, he 
is also presumably engaged in field-testing the work 
while it is being developed, and in so doing he gets 
feedback on the basis of which he again produces revi-
sions~ this is of course formative evaluation. If the 
field-testing is elaborate, it may amount to summative 
evaluation of the early forms of the new curriculum. 
He is usually involved with colleagues ••• who comment 
on the material as they see it--again, this is evalua-
tion, and it produces changes which are allegedly for 
the better. (p. 43) 
This experimenter could not operate apart from the 
phenomenon he investigated~ accordingly, it is possible that 
his own involvement enhanced the judgments which he made • 
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Beyond these two considerations there is a third reason, 
more compelling for an alternative methodology, namely that 
the mechanistic mode of inquiry assumes that the world and 
its inhabitants are objects to be manipulated and tested for 
specific characteristics, an assumption which contradicts 
a holistic view of man and his environment. 
Logic, as a method of inquiry, depends upon the abstrac-
tion and isolation of phenomena through the predication 
of attributes, and the ordering and classifying of 
them •••. (Carini, 1975, p. 3) 
Discussing an alternative paradigm, which she called phe-
nomenological inquiry, Carini made a significant observation: 
The basic phenomenological process of immersion in 
direct observation of a small number of cases over 
extended periods of time within their natural setting 
goes against the grain of persons accustomed to con-
ceiving of research in terms of empirical data, gath-
ered objectively (i.e., independently of any given 
observer and any given setting), and thus available to 
normative statistical treatment and replication. On 
the other hand, with greater or lesser degrees of aware-
ness, it is generally recognized that virtually all the 
major breakthroughs in thought have occurred not from 
exhaustive, empirical studies replicated on large and 
carefully stratified samples, but from intensive obser-
vation and reflection upon a few cases. (pp. 5, 6) 
In her article Carini compared logical inquiry and 
phemonenological inquiry in terms of five ideas: character 
of observer, relationship of the observer and the phenomenon, 
nature of the inquiry, function of the inquiry, and the 
methods of the inquiry. In each case logical inquiry vio-
lates the holistic view of man and his world. In logical 
inquiry the observer is presumed interchanqeable with any 
other observer and his subjects can be observed separately 
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and various characteristics of the subjects can be measured. 
In phenomenological inquiry "the observer is part of the 
datum and his or her point of view is central to the inquiry" 
(p. 19). In phenomenological inquiry a fundamental unity 
between the observer and the environment is assumed, while 
in logical inquiry the observer describes the phenomenon in 
terms of its object properties~ the objec~ is isolated and 
depersonalized. In the logical approach the phenomenon is 
assumed to be knowable and objectifiable, "through the 
predication, analysis, and summation of its parts" (p. 10) 
with one unchanging meaning, while phenomenological inquiry 
"increasingly thickens the meaning of the phenomenon as it 
reveals the multiplicity of internal reciprocities that 
constitute the phenomenon's integrity" (p. 11). 
The function of logical inquiry is to organize knowledge 
within a system of classification and to place the phenomenon 
in a "chain of causal events in order to control and predict 
it" (p. 11). On the other hand, the function of phenomenolog-
ical inquiry is to seek increased meaning of "unconcealment" 
of the phenomenon by revealing the coherence, durability, 
and integrity of it. The inquiry itself--the observations, 
recordings, organization, and research--must reveal the 
multiple meanings of the phenomenon. The observer becomes 
immersed in the setting and becomes a participant. The 
strategy, the questions asked, and the observations made are 
refined and altered as the observer begins to see the nature 
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of the phenomenon and to understand relationships. Observa-
tion and recording inform each other and the organization 
intensifies the observer's participation. 
Within the framework of phenomenological inquiry, a 
combination of specific methods was used in this study, so 
that the weaknesses of some methods were compensated by the 
strengths of the others. This research followed therefore 
the guidelines of "between-method triangulation 11 : 
When a hypothesis can survive confrontation of a series 
of complementary methods of testing, it contains a 
degree of validity unattainable by one tested within the 
constricted framework of a single method. Findings from 
this latter approach must always be subject to the sus-
picion that they are method-bound: Will the comparison 
totter when exposed to an equally prudent but different 
testing method? There must be a multiple operation-
alism. • • • It is through triangulation of data pro-
cured from different measurement classes that.the inves-
tigator can most effectively strip away the plausibility 
of rival explanations for his comparison. (Webb, Camp-
bell, Schwartz, & Sechrest, 1971, p. 174) 
In this study direct observation, interviews, questionnaires, 
attitudinal scales, results of topic tests in mathematical 
skills, analysis of student work, student journals, and 
various unobtrusive measures were all used, within the frame-
work of the case study methodology. 
"Case-study is the examination of an instance in action. 
The choice of the 'instance• is significant in this defini-
tion, because it implies a goal of generalization" (MacDonald 
& Walker, 1977, p. 181). The essential feature of a case 
study is its boundaries. In this study the boundaries have 
already been indicated--specifically, it is the exploration 
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of a real-problem-solving approach, whose features have been 
developed by USMES, to the teaching of a college-level lib-
eral arts mathematics course in a classroom, subject to the 
usual restrictions of a college setting. The larger ques-
tions such as open education or interdisciplinary curriculum 
have not been explored. The focus is on what is happening in 
the classroom in an ordinary mathematics course in a single 
semester, and how the students feel about their learning 
experiences. An understanding of this particular case, with 
its idiosyncracies and its regularities, its complexities 
and its totality, within the stated boundaries, was sought. 
As McDonald and Walker (1977) pointed out: 
Case-study is the way of the artist, who achieves 
greatness when, through the portrayal of a single 
instance locked in time and circumstance, he communi-
cates enduring truths about the human condition. 
For both scientist and artist, content and intent 
emerge in form. (p. 162) 
Although case study is more compatible with the partie-
ular situation considered here and with the values of the 
investigator than is the traditional experimental approach, 
certain limitations of the case-study methodology should 
not be overlooked. MacDonald and Walker listed several. 
In the first place, since case studies are public documents 
it is necessary to mask the identities of the persons involved 
without altering the implications of what was reported. 
Second: 
Case-study methods rely heavily on human instruments, 
about which only limited knowledge can be obtained and 
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whose private expectations, desires and interests may 
bias the study in unanticipated and unacknowledged 
ways. (p. 187) -
Third, any method involving direct observation and inter-
viewing has the problems of reactivity which arise from the 
subjects knowing that they are part of an inquiry. Hence, 
unobtrusive methods must be used to reduce threats to external 
and internal validity. While the students knew they were 
part of an experimental method of teaching, they did not 
realize that their notebooks and reports of investigations 
would be used as documentation in theresearch. Fourth, case 
studies cannot be full accounts, due to limitations of time 
and space~ they are always partial accounts. The researcher 
must make selections, decide what to observe and what to 
disregard, what to include and what to leave out of the 
report. "Educational case-studies are almost always con-
ducted under constraints of time and resources and therefore 
reliability and validity pose considerable problems" (MacDon-
ald & Walker, 1973, p. 187). 
The use of test data and statistical analysis was one 
of several sources of information in the case study. The 
following statement from Parlett and Hamilton (1977)summedup 
their value: 
Finally there are published or custom-built tests of 
attitude, personality and achievement. Such tests 
enjoy no privileged status within the study. Test 
scores cannot be.considered in isolation~ they form 
merely one selection of the data profile. Interest 
lies not so much in relating different test scores, 
but in accounting for them in the study's findings as 
a whole. (p. 17) 
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In this investigation, then, the Aiken Attitudinal Scale, 
teacher-made topic tests, and a situational problem-solving 
test similar to the Notebook Problem test, were all used and 
statistical analyses were performed~ the results were used 
to help round out the entire picture. 
Sophisticated statistical procedures were deemed unnec-
essary in view of the nature of the attitudinal questions 
and the uncertain validity of the teacher-made tests. There 
are, however, two reasons for employing such procedures: 
first, in the context of this naturalistic inquiry, they are 
a possible means for supporting judgments arising from other 
observations--in short, a cross-checking~ second, those who 
might be interested in this research would find objective 
numerical data that permit statistical analysis useful. 
This research plan was designed to be flexible~ indeed, 
the methods and instruments used, the questions asked, and 
the evaluation strategies employed were modified somewhat 
during the semester. As Denzin (1978) observed: 
No investigation should be viewed in a static fashion. 
Researchers must be ready to alter lines of action, 
change methods, reconceptualize problems, and even 
start over again if necessary. They must continually 
evaluate their methods, assess the quality of incoming 
data, and note the relevance of the data to the theory. 
(p. 304) 
Finally, one of the questions being considered here is 
how an instructor, accustomed to the traditional lecture-
discussion approach to teaching, can adapt to a different 
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style of teaching, with its frustrations, uncertainties, 
and reassessment of what is being tried. This becomes very 
subjective, but the observations are important. Indeed, 
these personal thoughts and reflections may be the most 
important part of the research for another instructor with 
the same reservations about his or her teaching, but who may 
desire to try an approach which asks the students to become 
engaged in solving important and useful problems and thereby 
seeing more clearly the vitality of mathematics • 
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CHAPTER III 
THE PHYSICAL AND HUMAN CONTEXT OF THE INQUIRY 
This chapter deals with the students and the college 
where the experimental instruction took place, the nature of 
the general education freshman mathematics course, the ques-
tionnaires and tests given before and at the close of the 
semester, and the instruction and activities which took place 
during the semester in the real-problem-solving curriculum. 
A discussion of the content and instruction of the compar-
ison class is also included. 
Background at Bennett College 
The College 
Bennett College is a liberal arts college for women and 
is affiliated with the United Methodist Church. Its enroll-
ment in 1979 was approximately 600 students. The college 
awards the Bachelor of Arts, Bachelor of Science, and Bach-
elor of Arts and Sciences in Interdisciplinary Studies 
degrees. It is accredited by the Southern Association of 
Colleges and Secondary Schools and the North Carolina State 
Department of Education. Among a number of organizations of 
higher education, the college holds membership in the Uni-
versity Senate of the United Methodist Church, the American 
Association of Colleges, and the United Negro College Fund. 
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Originally founded as a coeducational normal school, 
the institution's first sessions were held in the basement 
of a Methodist Episcopal Church in Greensboro, North Caro-
lina, in 1873. It was founded through the inspiration of 
newly emancipated slaves who bought the land on which the 
college now stands. As a result of an appeal of its founders 
for assistance, the Freedmen's Aid Bureau and the Southern 
Methodist Society of the Methodist Episcopal Church assumed 
responsibility for the support of the school. It became a 
college in 1886 and graduated men and women who assumed posi-
tions of leadership in all walks of life, particularly as 
ministers and teachers. 
Reorganization of the college was undertaken in 1926 at 
which time it became a senior college for women. Since that 
time more than 4000 women have graduated and Bennett continues 
to focus on the particular needs of black women. The physi-
cal plant in 1926 consisted of nine buildings and occupied 
38 acres. From 151 high school students and 10 college 
students in 1926, the enrollment increased steadily and by 
1930 there was a college population of 130 students. By the 
1977-78 academic year the enrollment peaked at 626 students 
and then declined somewhat to below 600 in the succeeding 
years. The college assets were listed in 1978 at $11,128,590. 
The college is located in Greensboro, North Carolina, a 
city of approximately 150,000 (in 1978), with a large college-
oriented population since four other institutions of higher 
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education are also located in the city: North Carolina A & T 
State University, Greensboro College, Guilford College, and 
the University of North Carolina at Greensboro. These 
colleges participate in a consortium which features cross-
registration in classes~ the three private schools (Bennett, 
Greensboro, and Guilford} cooperate in other ways, including 
some joint majors and a combined summer school program. The 
white enrollment in the student body at Bennett comes from 
the college's participation in the Greensboro Regional Con-
sortium and has not yet exceeded 5% of the student enroll-
ment. The majority of its students come from the southeastern 
United States and other regions with large numbers of lower-
and lower-middle-class families in special need of the kinds 
of services and educational programs being offered at Ben-
nett. The college is especially proud of its record in 
working with underadvantaged students and of their successes 
after college. 
The basic philosophy which provides a framework for the 
college is 
its belief in a need to provide for students a unique 
and flexible program of instruction, supplemented by 
rich experiences in group participation and community 
involvement, designed to meet the needs of an ever 
changing society. Additionally, it is felt that its 
program must encourage the development of critical and 
analytical thinking, this being necessary for students 
to continue to educate themselves in the years after 
college. • • • It recognizes the importance of each 
student, and as a church related college insists that 
education be related to humanitarian as well as utili-
tarian ends. (Bennett College Catalog, 1978, p. 8} 
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The college catalog lists 10 objectives (see Appendix D) 
among which are the college's expectations that its students 
will become liberally educated while at the same time ade-
quately prepared for successful pursuit of careers and 
graduate study. Further, the college seeks to provide 
learning experiences which will develop problem-solving 
abilities and analytical thinking. 
Student Characteristics 
In 1978 Bennett was primarily a dormitory college with 
almost all students in the usual age range of 17-22 for 
college students. The average age was 19.5 years. Nine out 
of ten students received financial aid in the form of schol-
arships, private loans, or Basic Education Opportunity 
Grants, etc. The median range of family income was $8000 
to $9898. Of the students, 95% were seeking degrees in 
over 30 programs. 
As an indication of the relatively weak academic back-
ground of the students, Table 1 shows the mean, standard 
deviation and frequency distribution of the total Scholastic 
Aptitude Test scores and of the mathematics scores on the 
Scholastic Aptitude Test for Fall 1977, Fall 1978, and 
Fall 1979. 
Mathematics Courses 
In the 1978-79 academic year the Department of Math-
ematics offered a major in mathematics with four options: 
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Table 1 
Comparison of SAT Scores for Entering 
Freshmen in 1977, 1978, and 1979 
Group Number a Mean St. Dev. 
SAT Total 
Fall 1977 165 633.4 111.1 
Fall 1978 200 641.1 131.2 
Fall 1979 132 625.9 124.6 
SAT Mathematics 
Fall 1977 165 325.3 56.0 
Fall 1978 200 331.5 64.7 
Fall 1979 132 325.0 70.7 
Frequency Distributions 
Percen tages 
1977 1978 1979 
SAT Totals 
Above 1100 .o 1.0 .8 
1000-1090 .0 1.5 .8 
900-990 1.2 2.0 2.3 
800-890 7.3 7.5 6.8 
700-790 18.2 17.0 16 0 7 
600-690 33.9 30.0 24.2 
500-590 31.5 35.5 35.6 
400-490 7.9 5.5 12.9 
SAT Mathematics 
550-590 .0 .5 .8 
500-540 1.2 2.0 1.5 
450-490 2.4 5.0 3.8 
400-440 7.9 6.0 11.3 
350-390 17.0 23.0 14.3 
300-340 43.0 34.0 30.1 
250-290 24.8 26.0 28.6 
200-240 3.6 3.5 9.8 
aRepresents only those students for which data were available. 
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pure mathematics, mathematics and teaching, mathematics 
with a computer science concentration, and mathematics and 
engineering in a dual-degree program with nearby North 
Carolina A & T State University. Five different mathematics 
courses were available to freshmen--a ~evelopmental course 
named Survey of Basic Mathematics (Math 001-002), a general 
education course called Modern Mathematics (Math 101-102), 
a standard algebra and trigonometry course entitled Punda-
mentals of Mathematics (Math 103-104), Elementary Analysis 
(Math 105-106), and Calculus (Math 221-222). Students were 
placed into these courses mainly on the basis of the SAT 
mathematics scores, although some consideration was given to 
courses taken in high school. The guidelines for placement 
in the Fall of 1978 were as follows: below 300--Survey of 
Basic Mathematics, 300-440--Modern Mathematics or Algebra 
and Trigonometry, 450-600--Elementary Analysis, and above 600 
with four years of high school mathematics--Calculus. Modern 
Mathematics was required for students in the humanities, 
education, and social sciences, while the Algebra and Trig-
onometry course was taken by students in business and the 
sciences. Students who completed Math 001 or 002 were 
eligible to take either Math 101 or Math 103. Table 2 shows 
the enrollments and percentages for three years preceding 
and including 1979. 
Modern Mathematics, therefore, was the title of the 
general education, freshman-level mathematics course. The 
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Table 2 
Enrollments of Students in Freshman Mathematics 
Classes in 1977, 1978, and 1979 
Course/Description Fall 77 Fall 78 Fall 79 
Math 001/002 
SAT below 300 64 47 65 
Remedial 
Math 101/102a 
SAT 300 or above 76 103 40 
Non-science Students 
Math 103/104a 
SAT 300 or above 80 94 50 
Science Students 
Math 105/106a 
SAT above 450 16 12 10 
Mathematics Students 
Totals 232 236 165 
aThese classes also include freshmen and sophomores who have 
completed prerequisites. 
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title indicated its historical nature, since the title had 
not changed since the 1960's and as of 1978, neither had its 
content. The College Catalog description was as follows: 
Mathematics 101-102 Modern Mathematics 
A course in the basic principles of mathematics designed 
to meet the needs of students in general education. 
Emphasis is placed on discovery. Some of the topics 
explored are: sets, logic, number systems, open sen-
tences and graphs, intuitive geometry and measurement, 
statistics·and computer programming. (Bennett College 
Catalog, 1978, p. 61) 
Despite the statement about discovery, much of the teaching 
in the course in the ten years prior to 1978 had followed 
the lecture-discussion mode. Indeed, many of the topics 
such as sets, logic and number systems (integers, rationals, 
irrationals, real numbers, etc.) were usually presented in a 
straightforward manner and were highlighted by fairly abstract 
discussions of definitions, theorems, truth tables, the field 
properties, and the comparative properties of the various 
subsets of the real numbers. Little attempt was made to 
show how these ideas could be used to solve problems from 
everyday life. 
Prior to 1978 the textbook for the course was Contem-
porary Mathematics by Meserve and Sobel~ it comprised 14 chap-
ters: Part 1: sets, logic, mathematical systems, systems 
of numeration, the set of integers, the set of rational 
numbers and the set of real numbers: and Part 2: sentences 
in one variable, sentences in two variables, nonmetric 
geometry, metric geometry, coordinate geometry, an introduc-
tion to statistics, and an introduction to probability. A 
~~· -----------
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brief unit on computers was also included in the course. 
The topics for the two different semesters followed the two 
parts of the textbook. 
Beginning in the Fall of 1978 a different textbook was 
used: Mathematics, An Everyday Experience by C. V. Miller 
and V. E. Heeren. The emphasis of the book was more on how 
mathematics could be used in solving everyday problems such 
as consumer problems, minimum and maximum problems and those 
involving simple linear and quadratic equations, statistics 
and probability, and introduction to computers. The overall 
theme was to view mathematics not as mathematicians view 
their subject--from definitions and postulates to theorems 
through deductive reasoning--but rather to see how mathemat-
ics is used as a tool. The textbook was intended, after 
all, for non-science students whose future use of mathematics 
in their major fields and daily lives would not require a 
knowledge of how the formulas or the proofs were obtained. 
One of the difficulties in planning a course for non-
science students in general is that the needs of humanities 
students, of social science students, and of students in 
education are somewhat different. Students in the social 
sciences particularly need the mathematics which leads to a 
thorough understanding of statistics and probability includ-
ing some elementary algebra and graphing~ students in educa-
tion need to learn about sets, logic, numeration systems, 
and nondecimal bases, as well as the structure of the various 
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kinds of numbers (integers, rationals, real numbers, etc.). 
These latter topics tend to be more abstract and of little 
intrinsic interest to the other students. The students in 
humanities benefit from a study of how mathematics has been 
an influence in the development of civilization as described, 
for example, in Morris Kline's book, Mathematics in Western 
Civilization. At a small college, such as Bennett, it was 
not possible in 1979 to offer two or three different courses 
because of scheduling difficulties and too small an enroll-
ment to justify setting up separate courses. Hence all 
students were placed in the one course. 
The first semester of Modern Mathematics I (Math 101) 
covered roughly the first half of Mathematics, an Everyday 
Experience. The course outline is given in Appendix E-1. 
A brief review of arithmetic operations, percentages, and 
the use of formulas began the course. A unit on number 
sequences, including arithmetic, geometric and powers of 10, 
was followed by a unit on consumer mathematics, featuring 
simple interest, compound interest and annuities as an appli-
cation of geometric sequences. A short section on logic 
preceded two units on geometry: the geometry of shapes and 
the geometry of measures. The final section dealt with 
graphing simple equations and inequalities. The course met 
twice a week for lecture and discussion and once a week for 
computer-assisted instruction (CAI) in the computer center. 
The college catalog described the computer-assisted por-
tion of the instruction as follows: 
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The -computer center houses a medium size computer and a 
mini-computer programmed to reinforce basic skills in 
English, mathematics, and reading. These courses are 
taught jointly by an instructor and the computer. 
The CAI laboratory is open to students twelve 
hours per day. It provides students with: 
1. Conversational and individual assistance and 
drills to remove deficiencies of pre-college training. 
2. Flexibility to pace yourself in the completion 
of general education requirements. 
3. A psychologically effective learning atmosphere 
for the student who feels hindered by classroom compe-
tition. (1978, p. 35) 
The teaching modules on the computer were written by 
instructors at Bennett so that the choice of topics, the 
sequence, and the level of presentation would be consistent 
with the courses at Bennett. The units, using the 11 Author 11 
program of the Hewlett Packard system, were combined into 
groups of one or more to form lessons. Each unit involved 
some instructional explanation with frequent questions for 
student responses, two to three examples, several practice 
problems in which hints and suggestions were given for wrong 
answers (three chances allowed), and some drill questions 
with only the correct answer given. An instructor was present 
in the computer-assisted instruction (CAI) lab to answer 
questions and to give assistance. 
The lessons required for Math 101 consisted of fractions, 
decimals, negative numbers, evaluating algebraic expressions, 
the properties of the real number system, linear equations, 
and linear inequalities~ The subject matter was rigidly 
determined for the students and was presented in a straight-
forward 11 example-explanation-formula-practice 11 approach. 
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Some branching for students who answered a question on the 
first try was available, but this was the only flexibility 
in the programs. 
Two-thirds of the grade was determined by work in the 
classroom and one-third of the grade came from the results 
of short tests taken on the computer after each lesson was 
finished. 
The students who successfully completed Modern Math-
ematics I moved on to the second semester of the course, 
Mathematics 102 (Modern Mathematics II), which was the set-
ting for the experimental real-problem-solving approach of 
instruction under consideration in this inquiry. Most of 
the students had taken Math 101 in the previous semester 
(Fall 1978) (although some failed Math 102 during the first 
semester and so had to repeat it and others did not take any 
mathematics during the previous semester). All of the stu-
dents in Math 102, having previously passed Math 101, had a 
reasonable knowledge of arithmetic, could evaluate simple 
expressions (but could not always set up an equation in a 
given situation), could solve given linear equations, and had 
some background in plotting points and drawing simple graphs 
of predetermined equations. The students varied greatly in 
their ability to work these kinds of problems in different 
settings and situations. If they were given contrived infor-
mation, they could follow fairly routine procedures to find 
answers to problems. But they generally had difficulty in 
~~ --------~:~· 
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setting up equations and had no idea how to derive equations 
of lines or set up graphs from realistic situations. In 
other words, the mathematics they had learned was not useful 
in solving realistic problems. 
The Experimental and Comparison Sections 
of Modern Mathematics II 
In the Spring of 1979 I was assigned to teach two sec-
tions of Mathematics 102. No attempt was made to assign 
individuals to a particular section of Math 102 on the basis 
of background, abilities or interest, for to do so would have 
been difficult at a small college such as Bennett where only 
one or two sections of each course are offered. Hence the 
students registered for one of two sections according to the 
sections which fit best in their overall schedule of classes. 
One of the sections of Math 102 was chosen arbitrarily to 
be the experimental section and the other to be the compar-
ison section. Table 3 shows the comparison of the entering 
SAT-Math scores and SAT-Total scores for the two sections. 
The scores for five of the students in the comparison sec-
tion were missing. 
As can be seen from the data, the quantitative SAT 
scores of the experimental class were slightly higher than 
those of the comparison section, both in terms of the mean 
(but not the median) and in terms of the frequency distribu-
tion. Indeed, 25% of the students in the experimental class 
scored above or equal to 350, while only 19.4% of the students 
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Table 3 
SAT Scores of Students in the Experimental and Comparison Sections 
Number with known scoresa 
Mean 
Me eli an 
Standard Dev. 
SAT Total 
1000-1090 
900-990 
800-890 
700-790 
600-690 
500-590 
400-490 
SAT Mathematics 
Above 500 
450-490 
400-440 
350-390 
300-340 
250-290 
200-240 
SAT TOTAL 
Com2arison Experimental 
31 
604.8 
590 
62.7 
36 
624.7 
625 
93.8 
Frequency Distributions 
Percentages 
SAT MATHEMATICS 
Comp~rison __ ~~rimental 
31 
310.0 
310 
42.0 
36 
331.1 
310 
52.3 
ComparisQn Experimental 
0.0 
0.0 
3.1 
9.7 
35.5 
51.6 
0.0 
0.0 
0.0 
0.0 
19.4 
54.8 
16.1 
9.7 
2.8 
0.0 
0.0 
8.3 
50.0 
36.1 
0.0 
0.0 
0.0 
8.3 
16.4 
44.4 
19.4 
11.1 
aEach class had 36 students but five of the SAT scores for comparison students 
were missing. 
1-' 
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in the comparison section did so. On the other hand, a 
smaller percentage of students in the comparison group scored 
under 300 (25.8% comparison versus 30.5% experimental). 
Under the assumption that the samples were drawn indepen-
2 dently from the same population, a ~ test can be used to 
test the hypothesis that the means are not significantly 
different. Here t = 1.801 with n 1 + n 2 - 2 = 65 degrees of 
freedom. The probability is .9618, so that the difference 
between the means is significant at the 5% level but it is 
not significant at the 2~~ level. 
The regular Math 102 class (comparison group) took up 
the usual topics for the second semester. (The course out-
line is given in Appendix E-2.) The work begun in the pre-
vious semester on simple graphing was continued to include 
graphing parabolas, ellipses, circles, and hyperbolas. This 
was extended to include the graphing of linear inequalities 
and the use of inequalities to solve minimum and maximum 
problems (linear programming). Basic concepts in probability, 
including multiplying and adding probabilities, were combined 
with a fairly extensive treatment of statistics, including 
the use of the normal curve in reaching conclusions about 
statistical situations. Finally a unit on computers led to 
2 The formula used was 
X - y 
t = ..=====::::;:========;::-----
(n - l)sx
2 + (n -l)s 2 
X V y 
Calculations were performed on Texas Ins·t.:rument 58 Calculator 
with its Statistical Module. 
--.,.-.-·----------------~~--·- -~· .. 
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the students learning enough of the concepts of programming 
and simple statements in the BASIC programming language so 
that they could write simple programs of at least 10 lines. 
The comparison group followed the traditional teaching 
approach. New material was presented by the instructor, a 
reading assignment and homework assignments were made from 
the textbook, and the homework problems were discussed in 
class the next class period. Subsequently other problems 
were handed in to be graded and periodically tests were 
given. The grade was determined by averaging homework, two 
tests, a project in statistics, and the final examination. 
College-required Course Outlines 
The content and method of instruction for the exper-
imental section of Modern Mathematics II is described in 
detail below, but it should first be pointed out that Bennett 
College puts certain restrictions on the latitude and flex-
ibility an instructor has in determining-how a course is 
taught and what topics are to be covered. First of all, the 
course had to follow the catalog description, which is 
f.airly general. Hence it was necessary to be sure the stu-
dents studied "open sentences and graphs, ••• statistics and 
computer programming" (Bennett College, 1978, p. 61). Sec-
ondly, a formal letter grade to represent the quality of the 
student's work was to be determined in a systematic and 
fair manner. The topics and grading in the CAI lab were 
determined by the members of the Mathematics Department 
- ... - -<-• ....-...,._..,.---.;-~__,.. ----- ------- --.. ----·- --~------
130 
(see Appendix E-3), so there was no flexibility in that part 
of the course. Finally, each instructor was required to 
submit a formal course outline giving a list of competencies, 
the method of implementation, the units to be covered, and 
the method for determining the grade. Hence, it was nec-
essary to develop a course outline which would satisfy these 
restrictions while at the same time following the general 
features of a real-problem curriculum and emphasizing student-
directed learning. Fortunately, the topics of open sentences, 
graphing, and statistics lent themselves to this approach 
more than other topics such as geometry and number systems 
would have done. Furthermore, the use of CAI materials 
allowed the development of specific skills in a separate 
setting. One of the major tasks, then, in developing the 
course outline, was to try to integrate the emphasis on 
investigations with the 11 basic skills" topics of the CAI 
and the more general topics of the catalog description. 
Preliminary Tests and Questionnaires 
Both of the classes were given five kinds of inventories 
during the first week of classes in order to assess the 
entering qualifications of the students in terms of know-
ledge of mathematical concepts, problem-solving abilities, 
and attitudes toward mathematics. The results of these 
questions would provide so~e follow-up analysis when com-
pared with similar tests given at the end of the course. 
-···~ -· -;.-.... ·---..,.-~.-,,.. ___ ...,._......,... __ . _______ 4 ___ ... _ ....... ----. -. -··---· .............. ,.·-~·-·~; ... -:.. .. ~--..;......--. ..---.. ..,.h._- .. ~ 
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Fourteen questions on five topics (algebraic expressions, 
linear open sentences, quadratic equations, graphing, and 
statistics) constituted a pretest on standard mathematical 
knowledge (see Appendix E-4). It was assumed that the stu-
dents had seen this material before but probably had not 
mastered the skills. The tests were teacher-made and except 
for the two questions on statistics, the material had been 
covered in the previous course. They consisted of such 
simple questions as "evaluate 4x+2x
2
/3+3 when xis 6 11 and 
"solve for x: 5x-3=2x+l" as well as more difficult questions 
involving the use of the quadratic formula and finding a 
frequency distribution for a set of numbers. 
A second set of questions given was that of the Aiken 
Attitude Scale, which consisted of 20 questions concerning 
a student's feelings about mathematics and the learning of 
mathematics (Aiken, 1972). (See Appendix E-5.) The test 
was analyzed by using a Likert method of summated ratings, 
with a weighted scale of 1 to 5 depending on a student's 
response in the direction of dislike-like of mathematics. 
The choices given in this survey were strongly disagree, dis-
agree, undecided, agree and strongly agree. Concerning the 
reliability and validity of this instrument, its author, 
Lewis Aiken, noted: 
Consistent with the findings of other investigations, 
the results show that the reliability and validity of 
this scale vary somewhat with grade level, being gen-
erally more reliable and valid in high school and col-
lege. The reasons for this are that not only do atti-
tudes become more stable with maturity, but the degree 
-···- -·- -~-. ...,.__.,..,~··-· ""''~' ,_.--.....,.·----- ---------------- ----.,--·-·-----------------·~-·-·· 
of self-insight and conscientiousness with which 
students can express their attitudes increases with 
age. (1972, p. 30) 
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The intent of giving this inventory and the follow-up repeat 
of the same questions at the end of the course was to see 
whether or not the kind of instructional strategy, i.e., 
traditional or real-problem solving, makes any significant 
improvement in attitudes toward mathematics. A t test was 
used for statistical analysis. 
In addition, four questions to determine student per-
ceptions of how a mathematics course should or might be 
taught and how the individual learns best were asked for two 
reasons: (1) in order to lead the respondent to think about 
some alternatives, and (2) to give the instructor some 
insight into the thinking of the individuals and of the class 
as a whole. The questions were as follows: 
Write a few sentences concerning how you feel about 
your previous mathematics courses, in particular, 
Math 101 or a similar "general education" course, in 
response to each of these questions. 
1. Do you feel that the in~tructor ONLY should choose 
the topics in mathematics for the students to learn 
or should the students have some say in what topics are 
studied? Explain. 
2. How do you learn best--by following a teacher's 
lecture, reading the text, doing the homework problems, 
becoming involved in an activity of interest to you, 
or by some other means? Explain. 
3. Do you feel frustrated and lost in learning if the 
instructor doesn't indicate what pages in the textbook 
you should read and which questions should be answered? 
4. What previous experiences in mathematics classes 
have led to your like or dislike of mathematics? 
.--;,·~ ... ....-_..,....~-.:-.~-- -·---.--- -··- -. ....... 
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Each student was asked to give a brief biographical 
sketch (Appendix E-·6) in terms of mathematics background and 
interest in mathematics. The questions involved previous 
mathematics ~ourses taken in high school and in college, 
and the student's major or special interest. Two other ques-
tions required open-ended short answers: 
If you could choose any topic in mathematics which 
you might find interesting and/or useful, what would 
the topic be? Why? 
What sort of uses for mathematics do you expect to have 
in the near future or in your major field? 
These questions seemed to puzzle students somewhat since 
they had done little thinking about the issues. Generally 
they answered in terms of the mathematics encountered pre-
viously in high school or in terms of consumer mathematics, 
not in terms of mathematics needed for academic subjects in 
their major fields. 
Finally, a simple question concerning approaches a stu-
dent might make using quantitative considerations in solving 
a problem was given early in the course so as to assess prior 
abilities in this area. The following question was based 
on the style of the 11 notebook 11 questions in the USMES eval-
uation: 
Write a page indicating how you would solve the follow-
ing. You should answer the questions: 
(a) What information do you need? 
(b) How would you obtain it? 
(c) What would you do with the information? 
(d) On what basis would you arrive at a conclusion? 
In a grocery store you can buy eggs in four sizes: 
small, medium, large and extra large. Which is the 
best buy'? 
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Student responses to these questions were evaluated 
according to a schema involving (a) whether or not any of 
the student's reasons for selection were stated in terms 
which were measurable (weight, size-volume, cost, etc.) and 
(b) the highest level of warrant associated with the selec-
tion (personal opinion, some quantitative considerations, 
test suggested vague~y, or a test suggested in detail). This 
method of evaluation was used by USMES in its report on !hg 
Notebook Problem (Shapiro, 1973). A comparison of pretest 
scores between the experimental and comparison group is dis-
cussed in Chapter IV. 
Description, Planning, and Implementation 
of the Experimental Course 
Preparation of the Course Outline 
The first formal aspect of the experimental course came 
with the preparation of the course outline, as required by 
the college. This outline was to include the competencies, 
implementation, and the units to be covered in the course. 
The concept of competencies seemed to be inconsistent with 
the spirit of an open-ended teaching process~ it connoted a 
teacher-oriented determination of what was to be learned by 
the students. The word "competencies" was changed to "objec-
tives" which has much the same general meaning, but the word 
"objectives" tends to give the impression of what the 
teacher would like to have happen rather than what the stu-
dent must learn. The objectives included the usual one 
found in the various descriptions of problem-solving courses, 
.. ··~ ..... -t,-.. ·~·-.,..-~,~__,.. -----·- -·~--..,- --··~-·~ ... 
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namely, that the student develop an ability to solve prob-
lems. This was not meant to be a behavioral objective--
there was no statement of how success would be measured or 
determined--but rather simply a statement of the nature and 
spirit of the course. It was included in the course outline 
in order to let the students know what to expect in L~e course 
even though they would be given some choice in the matter. 
Two other statements began with "Upon completion of the 
. . h d " 3 . d t . d' t course, 1t 1s ope • • • 1n or er o 1n 1ca e some non-
behavioral objectives, some hoped-for goals, such as the 
student's having an increased confidence in her ability to 
think and to use mathematics, one of the possible intangible 
results of any mathematics course. In addition, certain 
skills were listed: those which were to be covered by the 
computer-assisted instruction materials and those which 
would probably be used in connection with the process of 
solving the challenges. The precise statement was: 
The student should be familiar with the basic concepts 
of mathematics such as number, equations and inequal-
ities, functions, graphing deductive and inductive 
thinking, and statistics. (The specific skills acquired 
in these areas will be determined by the interests of 
the students and the requirements for solving a chosen 
problem.) 
The second main part of the course outline dealt with 
implementation. It was difficult to write this part before 
experiencing the process of teaching a class from a 
3The quoted phrases and sentences in this section were 
taken from the course outline--see Appendix E-7. 
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problem-solving approach. The USMES Guide (Unified Sciences 
and Mathematics for Elementary Schools, 1976) was used in 
much of this section. It was unfortunate to have to write 
such a definitive statement at the beginning of the course, 
but again, it was only fair to the students that they should 
know what to expect and what was expected of them from the 
beginning. A proviso was included reserving the right to 
modify procedures of the experiences during the semester 
indicated that it would be in the best interests of the stu-
dents to do so. 
The plan for the course outlined six steps. First, the 
instructor would present some "real and practical problems" 
which were intended to "apply to some aspect of (the) daily 
lives" of the students and would be of "some direct interest 
to the students." Each student would select a problem which 
she would pursue with others in small groups. Second, the 
students would decide themselves how "to proceed in solving 
the problem, to make observations, gather data, draw graphs, 
analyze the data, form and test ..• hypotheses, and take 
some final action or draw conclusions." In the process of 
undertaking the investigation, when the students discovered 
that certain facts or techniques were needed to move toward 
a conclusion, they would consult references, including the 
textbook and handouts from the instructor, and they could 
confer with him. When it seemed that several groups needed 
to go over similar topics, those topics or procedures would 
... ., -· -.-•. ...,..~ ........ -~~-:-.·~--- -·--------·--·-- -·-----· -·- -p~-------~-_..,..,.~r.-- ...... ~ 
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be discussed in a formal classroom setting. The instructor 
would, theoretically, throughout the semester, serve actively 
as a 11 coordinator and collaborator 11 so that each group could 
move toward some sort of conclusion and success on the inves-
tigations. The students would individually keep a record--
a personal journal--of the work they were doing (graphs, 
models, reports, and mathematical topics). Finally, 11 work 
on the computer terminals (CAI) and a study of mathematical 
references--reading explanations from an assortment of text-
books, drill, practice, and testing on specific topics 11 were 
intended ·co allow the students to learn those topics which 
would be of importance to them. 
The statement about implementation reflected the ambi-
guity which I sensed in the USMES program and within myself 
about the relationship between (1) creating activities which 
would interest and challenge the students, (2) setting up a 
formal process through which students would learn basic 
skills needed to solve the problems, and (3) creating the 
environment in which students could develop their problem-
solving skills. How could these three thrusts be coordinated 
and brought together? 
Finally, in the section on Units were listed those topics 
which could potentially be used as challenges, i.e., those 
which would be of some interest to the students. Two problems 
recurred as I worked out the plans for the course in antic-
ipating student reactions and in trying to overcome my 
-:.--~...--......,....,...._""'~-----·--~-------·--·~ ... ---~--··---·~"-·-------
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tendency to be the person in charge. The first was to find 
out which kinds of situations would interest the college-
level students in my class, as distinguished from the chal-
lenges listed in the various USMES study guides, designed 
for elementary and junior-high school students. The second 
question which I pondered was how I could provide some sort 
of direction to the students in order to avoid confusion, 
while at the same time helping the students begin to develop 
responsibility for their own learning and to help them to 
make academic progress. I decided to list those skills 
which the USMES Guide indicated were frequently used in work-
ing the challenges as well as topics to be covered directly, 
such as computer programming and the CAI topics. Hence, the 
course outline {Appendix E-7) listed the following topics: 
use of free time, consumer research, more effective ways to 
learn/teach, ways to serve large numbers, and various mathemat-
ics concepts which might be needed in order to solve problems 
and which would be of interest to the student. 
Grading Procedure 
The second formal aspect of preparing for the class was 
to develop the procedure for determining grades. As has been 
previously noted, this was necessary in order to satisfy the 
requirements of the college. In preparing to work out a 
statement about grading, I was bothered by the idea that 
the teacher eventually determined a single letter grade to 
represent all the work a student had done, because this 
----·- .. ---·-· --- -----"'----w.~~....- -....... 
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often creates an anxiety which interferes with the process 
of learning and it often causes the student to focus on 
doing only those activities which are needed to get a suitable 
letter grade rather than on the process of learning sk~lls 
and concepts in order to solve problems. Using formal tests 
in which the desired products were determined by the teacher 
seemed inconsistent with the real-problem-solving philosophy 
because this would force the teacher to become the controller 
of the course, not the consultant and collaborator. 
An article by Arthur Ellis and Janet Alleman-Brooks 
(1978) entitled "Informal Evaluation Strategies for Real 
Problem Solving" served as a guide in my planning. They 
noted that students frequently become confused or threatened 
in formal testing situations. Informal strategies would 
lessen the threat of tests and at the same time provide a 
suitable process to discover the progress that the students 
were making in solving real problems. They argued: 
Real problems have real outcomes and they therefore 
develop complexities too subtle to be captured ade-
quately by formal measures alone. 
Why we evaluate is as basic an issue as that we 
evaluate. Most of us agree that evaluation of student 
progress is necessary, but we often have different 
reasons for reaching that agreement. In problem solv-
ing the processes by which choices are made and outcomes 
determined are equally as important as the products of 
student learning. Because of this, a pressing argument 
can be made for the diagnostic function of evaluation. 
Yet both diagnostic and summative classroom evaluation 
of problem solving is often neglected. One reason cer-
tainly is the difficulty in using standard evaluation 
approaches, normally pencil and paper tests, to assess 
the higher level outcomes sought by teachers using 
innovative methods. Some other reasons are: 
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It is easier to write tests for preconceived teacher 
expectations than for real problems, which are open-
ended. Problem solving is process oriented rather than 
product oriented and thus goes beyond learning that 
can be tested at the recall level •••• 
Tests are often extremely artificial and totally 
foreign to real-life problem solving. They can also put 
pressure on students to compete for high scores, and as 
a result, sometimes have less than desirable outcomes, 
such as emotional strain or memorization for the moment 
with little retention beyond the test. (p. 240) 
The article by Ellis and Alleman-Brooks suggested a 
number of alternative ways of evaluating informally, such as 
the use of artifacts (graphs, diagrams, and charts) produced 
by students, interviews, class observation, and reports 
written by students, but it did not address the issue of how 
letter grades were to be determined. One possible way to do 
so would be to list the activities that the students would 
be expected to demonstrate in order to solve a problem and 
to specify the evidence necessary to show that they had done 
the work. The emphasis would be on the effort that they 
made. However, it was also necessary to assess the quality 
of the work. Not every student could be expected to be moti-
vated by the chance to engage in interesting problem solving. 
Furthermore, in any educational setting, such as a high 
school or college, where other teachers are using traditional 
grading procedures (homework, papers or tests with deadlines), 
students will work on short-term required tasks rather than 
working on long-range projects. Hence, it was necessary to 
develop a grading procedure which required the same sort of 
effort in mathematics that the students would be making in 
their other classes. 
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I found it difficult to set up a grading procedure in 
an experimental program when I had not yet had a chance to 
see how the program would work. Furthermore, I needed to 
face two other difficulties. The grade from the computer-
assisted instruction tests would be numerical and ti1e 
required final examination had to be included. How much 
should this count? How was it to be combined with work done 
throughout the semester? In order to be consistent with my 
attempt to let students have a part in the decisions of how 
the course would be run, and because I was interested in 
finding out how the students as a whole felt about these 
issues, I decided to let them respond to some alternative 
proposals for grading. 
I prepared a (legal-sized) page outlining the arguments 
for informal evaluation and stating two grading alternatives. 
The first suggestion consisted of homework, two tests, topic 
tests, a project, and a final exam. Each of these was to be 
weighted numerically and a single numerical grade determined. 
The second alternative consisted of self-evaluation by the 
student and evaluation by the teacher through a 11 diary 11 
written by the student of work done and progress made during 
the course. The statement read as follows: 
The student will keep a written document, i.e., journal 
or notebook, in which she will write up the work she 
has done, the attempts, the results, and impressions of 
that work. This written document will include any 
drill work done by the student in the process of learn-
ing a particular topic or skill. 
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Four activities were listed: problem-solving skills, spe-
cific mathematical topics, self-evaluation, and final exam-
ination. At the bottom of the statement the students were 
asked to write a page on "how I think the grade ought to be 
determined." The document included instructions to the stu-
dents to indicate their feelings about the use of tests, what 
sort of evaluation would be "fair," and how a specific letter 
grade should be determined. (See Appendix E-8.) 
The First Two Weeks of Class 
The first two weeks turned out to be a crucial time in 
getting the experimental project underway successfully. On 
the first day of class, I passed out the sheets on which the 
students gave their names, backgrounds in mathematics, and the 
kinds of topics in mathematics which they would like to learn. 
I also passed out the two-page cours~ outline and the sheet 
on grading, and we discussed the broad outlines and philos-
ophy of what I wanted to try to do in the course. I pointed 
out that in theory, there should not be any particular topic 
which everyone in the class had to learn. For this class, 
learning how to solve problems and to take responsibility for 
one's own learning should be the major purpose of a "terminal" 
mathematics course. I went over the outline with the students 
and mentioned that the work in the course would be experimen-
tal in connection with a research project. 
The students seemed interested and intrigued by the 
ideas I presented in class and on the outline, although some 
~~ :--,..--... ·---:--··· 
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of the students indicated that they weren't quite sure what 
would be expected of· them and this concerned them somewhat. 
I passed out the sheet on grading and discuss·ad with the 
class my feelings that the usual numerical approach had 
limitations particularly in any attempt to make the mathemat-
ics course less threatening. I asked them how they felt 
about their previous mathematics courses and there was a 
lively exchange of ideas expressed. Several of the students 
pointed out that they did not particularly like mathematics, 
that when they took tests they got confused and they felt 
that the test did not adequately demonstrate how much they 
knew about the material on the test. I asked them to write 
a one-page summary of how they perceived grades should be 
determined as a response to the alternatives outlined. 
To acquire a sense of the manner in which each student 
approached an open-ended problem, I passed out the sheet 
with the questions about eggs in a store, described earlier, 
and asked each student to write about how she would reach a 
conclusion. The assignment was intended to demonstrate the 
sort of questions we would be investigating. 
During the last 20 minutes of the class I gave the first 
part of the pretest (see Appendix E-4 which is discussed 
earlier in this paper). I felt that it had been a reasonably 
good start~ the students reacted positively and with curios-
ity as to what the course might entail. They probably did 
not really know what was in store for them. I felt that I 
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had not spent enough time in conversation with them but the 
class had been somewhat hectic as students came in late 
during the first 15 minutes. I felt the press of time even 
on the first day--since there were only approximately 30 days 
in the semester and I wanted to get the students involved in 
the first project as soon as was possible. Hence, I gave 
the first part of the pretest on the first day. 
On the second day of classes four new students came 
into the class. They had not participated in the discussion 
of the first day and so were not aware of the thrust of the 
course nor had they done the two homework assignments. During 
the first 20 minutes of the period I gave the second part of 
the pretest. 
I then asked the students to consider how they would 
determine which brand of a product was the best buy for a 
specific use. I asked them how they could determine any 
relationship between cost and quality. I indicated that 
each of them would be working on an investigation of some 
sort and suggested that they might be interested in other 
kinds of questions, not involving consumer matters. As an 
example I wrote 15 hypothetical scores on a test for students 
being taught by one method and about that many for students 
being taught by an alternative method. 11 Can you tell which 
method is more effective? 11 I asked. They suggested (a) look-
ing at the scores--no computations (the eyeball method), 
(b) finding a mean, and (c) drawing a graph. Following some 
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of the ideas suggested in the USMES booklets, I asked them 
to consider how they would test for the quality of different 
brands of paper towels. 
The discussion was lively~ students responded and seemed 
to become involved. With 30 students, however, it was diffi-
cult for me to see exactly what was going on with all the 
students. I could not really tell how many were interested 
but were not talking and how many weren't interested at all. 
One of the concerns I had was to make sure the students 
would be working on something concrete from one class to 
another, since my class met only on Monday and Friday. Fur-
ther, I felt the need for students to have an adequate back-
ground with certain mathematical skills which might well be 
needed to carry out the investigations, so I suggested that 
they study a particular section of the textbook on plotting 
ordered pairs (points). Indeed, one of the suggestions made 
by a student earlier was to graph the two sets of data (on 
the hypothetical test), so that my suggesting some study on 
the graphing of coordinates seemed appropriate. Although I 
was concerned that I had given "too much" direction to the 
work that they were to do, I knew that the topic of graphing 
was one of the choices available to the students. Hence 
suggesting (not requiring) that they read the material and 
do the homework in the textbook seemed to give some direction 
to their study until the next class period. 
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I collected the one-page answers to my previous assign-
ments on "suggested grading procedure" and "the buying of 
eggs." 
Before the next class I considered the statements about 
grading that the students had turned in. These answers 
showed the same sort of ambiguity about grading procedures 
which I had been feeling. Some of the students were reluc-. 
tant to have the method of grading changed from a familiar 
one to one which they weren't sure they understood. A com-
mon theme was that the tests put too much pressure on the 
individual so that the student did not show what she really 
knew because of the anxiety caused by the test-taking situa-
tion. For some, the idea of receiving a numerical score 
had the effect of letting them know exactly how well (or how 
poorly) they were doing. Several expressed the concern that 
the grading system, however it was worked out, should put 
sufficient pressure on them so that they would do enough 
work. They needed an outside push to "make them study"~ 
this was one of the purposes of using tests in grading. I 
was intrigued that many of those students who got high grades 
in Mathematics 101 during the previous semester seemed to 
prefer Method I (emphasis on tests) because they had been 
successful with this approach during the previous course, 
while many of the students with lower grades indicated that 
they would like to see a change. Fourteen of the students 
preferred the second alternative (contracts), while 10 opted 
for the first alternative (testing). 
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The following two comments sum up the arguments which 
the majority of the students gave in favor of the second 
alternative: 
Student I: 
I personally feel we should get away from the old 
routine of taking examinations, which frightens every-
one at times, and resort to alternative II. This will 
give everyone a chance to write more often, allowing 
us to be more expressive in our own individual 
ways •• 
Student II: 
In my opinion, alternative II is a practical and reason-
able method that needs to be practiced at this partic-
ular time in this particular course. According to the 
syllabus, the Math 102 course will be taught in an 
experimental manner this semester and the objectives 
of the course are obviously different than those of 
last semester. Because of this fact, the use of topic 
tests and homework that we did last semester may be 
unnecessary. 
I think the grade ought to be determined by the 
quality of the students'work. It doesn't seem as 
though the correct answer should determine the grade, 
if we are gathering data to solve a problem that can be 
solved in so many different ways and render so many 
different types of answers. I don't think the grading 
system should be done away with. A test at midterm 
and a final seem to be the best way to determine the 
student's knowledge. But these tests shouldn't carry 
too much weight when it comes to assigning an A, B, 
or C grade. The quality and maybe the quantity of the 
student's homework, classwork and activities should 
determine most of the letter grade. 
My next task then was to work out a definitive statement 
about grading. The complete statement is given in Appen-
dix E-9. It specifies that a D was to be earned upon com-
pleting the five activities in the investigation and three 
topic tests passed, as well as the self-evaluation. A C-grade 
would be earned by completing in addition, three activities 
on a second investigation and a fourth topic test. A 
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self-evaluation, two complete investigations, five topic 
tests, and one reading report would be sufficient to earn a B. 
An A could be earned by doing all the work required for a B, 
writing an additional reading report,and passing six topic 
tests. The class activities would constitute one-half the 
grade, the final examination would be one-sixth of the grade, 
and the CAI would be worth one-third of the grade. 
The third day of class was a crucial one. I felt the 
need to get the students involved in some sort of project 
which would appeal to them. I realized that I would not be 
able to let a "group challenge" develop naturally as takes 
place in the usual structure of the USMES classroom, partly 
due to a lack of time (1 hour, twice a week) and partly due 
to the compartmentalization of the mathematics courses in any 
college. The first challenge would not arise from class 
discussions in social science or science, but would have 
to arise from artificial developments in the class. I chose 
to work with ideas from the Consumer Research Guide booklet 
prepared by USMES (1976a). 
I started the class by discussing my proposed grading 
procedure and indicated that my attempt at arriving at a 
suitable grading process was an example of the sort of prob-
lem solving we all might need to do in our "daily lives" or 
in our careers. I pointed out that I had gone through cer-
tain steps: formulation of the problem, gathering data and 
information, and analyzing the data. I showed them a simple 
- . .. 
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graph indicating the grade earned in the previous course 
versus the choice (I or II} of the grading-procedure· al terna-
tives and suggested that the written statements indicated 
that some students felt that they did better on tests while 
other students thought they could do better on other kinds 
of assignments. I asked the students if there was any 
reason to believe that one method really evaluates what a 
person knows or how well a person performs better than 
another method. 
I next talked about the projects. I realized that the 
students were still trying to get a solid idea of what they 
were to be doing in the class. I presented some hypothetical 
data about the durability of several samples of two similar 
products and asked the class how they might decide which was 
the "better" product. Some of the students suggested that 
one measure--the average--would be a suitable way to summa-
rize and compare the information given. I showed the students 
some of the How To booklets from USMES and indicated that 
there were other references available in the library which 
would be available for their use. Next I asked the students 
for some suggestions of consumer products which they might 
be interested in examining more closely so as to determine a 
"best buy"~ three suggestions were made: cosmetics, pizza, 
and clothing. We discussed some of the possible questions 
that might be asked in trying to determine what a "best buy" 
was. Since time was short I asked the students to come back 
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to class with a statement of the sort of work that they might 
want to do and suggested that they look over the first two 
sections concerning statistics in the textbook. 
I realized that suggesting that the students study spe-
cific topics in statistics was contrary to the preferred 
method of letting the students discover on their own the need 
to learn some statistical ideas in an attempt to solve prob-
lems of their own choice, but I was concerned that the stu-
dents would waste a lot of time, not knowing what to do or 
having some sense of the statistical "tools" which might be 
used in their work. Hence, they would find the whole pro-
cess confusing. Clearly I was trying to work through some 
ambiguities which I was feeling about my role as a teacher, 
a director, or a facilitator. Since this was my first 
attempt in using this approach, I was not exactly sure what 
to expect and I was not confident of success. 
At the next class period (the fourth session) two more 
students arrived. The class now totaled 35 students, which 
was a larger number than expected. This increased size would 
make supervising the individual work a bit more difficult. 
I asked the students to turn in the statements concerning 
the kinds of products that they might want to investigate. 
Most had not taken the time nor made the effort to consider 
the assignment, but some had given considerable thought. 
One group of four students had discussed the possibility of 
working together and of several potential topics for 
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investigation. I decided to ask those who had not done the 
assignment to take 10 minutes to write out a statement. I 
next passed out the Aiken attitude survey together with my 
additional four open-ended questions. In addition, I gave 
each student a questionnaire concerning attitudes about the 
CAI operation on behalf of the chairperson of the Mathematics 
Departme~t. I was glad that I had both of these question-
naires to pass out at the same time, for then the emphasis 
would be on questions involving the overall instruction in 
the freshman mathematics program at Bennett, rather than on 
questions of attitude toward mathematics and student involve-
ment in learning in a particular mathematics course. 
The students finished the questionnaires in less than 
30 minutes, leaving 10 minutes to discuss the statements about 
group projects in class. Five topics were suggested, which 
I wrote on the blackboard: juvenile crime, cosmetics, 
deodorants, clothing, and TV viewing. For each topic I also 
wrote down the names of students according to interest indi-
cated on the statements. Each student who had not expressed 
a preference was given the opportunity to choose one of the 
groups. Some students changed their minds, so that even-
tually there were approximately seven students in each of 
the five groups. Each group was asked to meet before the 
next class period to discuss a particular focus of the group 
and to develop a plan for carrying out the investigation. 
While the groups met at the end of the class period, I 
passed out a sheet of 19 questions adapted from the USMES 
~~-· ·-...... --~,..,.~r-• 
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book Consumer Research (1976a). (see Appendix E-10.) I 
asked each group to look over the questions and to prepare a 
specific statement about what it would be trying to do for 
its investigation and how it planned to proceed. I felt 
that good progress had been made in getting the topics 
chosen and the groups organized, but I was aware that the 
students would need a good deal of assistance in order to 
carry out meaningful projects. 
L .oup Dynamics and Progress on Investigations 
During the next month I faced two problems in carrying 
out the aims of the course. The first problem was unexpected 
and involved the personal interrelationships of the individ-
uals in the various groups. During the first week after 
organizing the groups, two students of one of the groups 
came to me and indicated that they were no longer interested 
in nor satisfied with what the other members of the group 
were doing, and they wanted to work together on a separate 
project as a pair. The original concept for the topic for 
their group came from four others--four "friends"~ the two 
students who came to see me joined the group later. They 
felt that they did not fit in with the others although they 
acknowledged that they had chosen voluntarily to join the 
group. Their decision had been based solely on a preference 
for the topic. I indicated that I would not like to see too 
many different groups because the proliferation of topics 
would make it difficult for me to have time to help or to 
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keep track of the development of the investigations. At 
the same time I wanted each person to be working on a proj-
ect in which she was interested and with which she felt 
comfortable. I encouraged the two students to try once more 
to work with their original group, but if they were still 
unable to do so, we would talk about other possibilities 
later. Eventually, these two students remained with their 
original group and helped with one of the best reports from 
the class. 
During the next two weeks in talking with memLers of 
the various groups in separate sessions, I learned that one 
or two of the members of each group were apparently not con-
tributing very much to the work being done. Furthermore, in 
two of the groups there was a delicate problem of 11 leader-
ship. 11 Some of the groups seemed to be able to function 
without a specific person taking charge, while in other cases 
one of the members seemed to assume the role of leader and 
was generally accepted as the leader. I was told, however, 
that sometimes one or two of the members of the group were 
not happy with the decisions made nor with the tasks assigned. 
A second, more pervasive problem which developed was 
that of frustration and uncertainty among the students. Dur-
ing the fourth week of classes one student told me that she 
thought the class should go back to the 11 old way 11 of teaching, 
that she felt she was not learning very much, that she did 
not understand what she was supposed to be doing, and, 
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consequently, that she was not doing much work. In order to 
find a time that I could give assistance to students outside 
of class time on an individual or small group basis, I set 
aside the hour from 6 p.m. to 7 p.m. for conferences and 
consultation twice weekly. At one such session late in 
January, only one student showed up, but this gave me the 
opportunity to discuss how her group was progressing. She 
indicated that she felt the group "was not together." Her 
group had not met for a second time to decide on the spe-
cific question to be investigated or on the methods needed 
to gather information. They did not have a good sense of 
what was possible in terms of strategies or ways of orga-
nizing the information after it had been gathered. 
As I reflected on her comments, I realized that this 
did not really surprise me. Clearly the process of having 
the student groups find a question in which they were really 
interested and of developing a method to solve the problem 
would indeed be frustrating to them~ how could it be other-
wise? I began to see that the difference between the college 
setting and the elementary school setting of the USMES class-
rooms in terms of the time spent in the classroom with the 
teacher present--the difference between several hours a day 
5 days a week and 2 hours each week--was a crucial one. I 
sensed the need to talk with the groups frequently, to try 
to help them focus more and to give them more guidance. One 
paragraph from Self-Directed Learni~ by Malcolm Knowles 
(1976) was helpful to me at this point. He wrote: 
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One problem concerns the issue of structure versus 
non-structure. Many students enter into a new learning 
situation feeling a deep need for the security of a 
clear structural plan--an outline, course syllabus, 
time schedule, and the like. They want teachers who 
know what they are doing, who are in charge. When they 
first hear me describe my perception of the role of a 
facilitator and resource to self-directed learners it 
seems so structureless to them that they become anxious. 
So I have learned to emphasize that we shall be work-
ing within a structure, but that it is a different kind 
of structure from what they have been used to--that it 
is a process structure~ whereas they have been used to 
a content structure. And I assure them that I am in 
charge of the process, that I shall make decisions 
about procedures when they aren't in a position to make 
them with me, and that I know what I am doing. I assure 
them that I understand that they are being asked to 
take more responsibility for learning than they are 
used to, and that I shall help them learn to do it. 
(p. 37) 
I did not regret the frustration that the students were 
having thus far, for perhaps it would help them see the 
importance of suggestions which I would make and of certain 
mathematical topics which I would like to introduce. Per-
haps it would help them to gain some insights into the limi-
tations of being dependent on an instructor in the process 
of learning. 
These experiences led me to realize that I needed to 
move to a period of time in the course in which I gave more 
direction to the process and, to some extent, the content 
so that the student could grasp more clearly the strategies 
for carrying out the investigations. I realized that the 
frustrations that the students were having would not serve 
a good purpose if allowed to continue for too long a time. 
I needed to make procedures of the course more specific. 
·----,------------·-.4 -----:---·--- -- -~~--------..-..,~-·-.. ... 
~;..~:.~·~ :----·-·-:--· 
156 
Hence, I decided to prepare some resource sheets on related 
mathematical topics, a list of suggested topics with ref-
erences (Appendix E-ll), an assignment sheet with due dates 
and a guideline to the outside reading reports (Appendix E-12), 
a checklist of completed activities (Appendix E-13) and 
guidelines for the entries to be made in the student note-
books (Appendix E-14). 
As I made the shift, I realized that my basic problem 
remained: How does any instructor help a student become 
genuinely interested in a 11 real 11 problem so that the motiva-
tion for learning comes from her desire to become capable of 
solving the problem? At what point is the mistake made of 
giving the student too much direction so that she remains 
dependent on the instructor? I felt sufficiently unsure 
about my own role so that student complaints about my 11 not 
teaching and leaving everything up to them 11 were of consid-
erable concern to me. 
Routine Work During the Middle 
Part of the Semester 
The next seven weeks were characterized by an increase 
in the amount of teacher direction and routine, although the 
investigations remained as the main thrust of the course. 
During this time, as previously mentioned, I prepared six 
resource· sheets, as a substitute for the HOW TO booklets 
distributed by the USMES program. Although these HOW 'I'O 
booklets were available for the students to study, they 
-~------··-· 
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seemed too juvenile for use by college students. Unfor-
tunately, my resource sheets were not done in the animated, 
attention-getting style of the HOW TO booklets~ rather, they 
were typed and dittoed. Nevertheless, these sheets outlined 
the main ideas and computations which a student would need 
to know in the following areas: 
#1 Choosing a sample and collecting data 
#2 Classifying Data, Simplifying Data, and Standard 
Deviation 
#3 Normal curve and its uses (3 pages) 
#4 Graphs of First Degree Equations and First Degree 
Equations of lines 
#5 Best fit lines 
#6 Fundamental statements in BASIC 
These are included in Appendix E-15. The students were not 
required to work on these topics, but since they were required 
to work on some topics (of their own choice), I pointed out 
to them that unless they had some definite ideas of the top-
ics which they wanted to study, they should follow my discus-
sion of the ideas on the resource sheets in class, read the 
textbook, and work some of the homework problems. I tried 
to relate the work being done in the investigations with 
the usual topics of probability and statistics, drawing and 
analyzing graphs, and of using the computer, so that the 
students could get an idea of how to use the mathematical 
topics and hence take more interest in the concepts, 
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mathematics and the real world. 
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During this period it was necessary to confront another 
problem, namely, the difficulty of trying to teach one topic. 
to the majority of the class in a semi-individualized teach-
ing environment. When one student asked me about a topic 
which was not being covered in class, I had to decide whether 
the question was of sufficient interest to others in the 
class to stop what we were talking about to discuss a sep-
arate concept or problem. Occasionally, the question had 
enough appeal to warrant such flexibility on my part. How-
ever, when I chose to do this, one or two students left 
early, bored and hoping to escape. Occasionally, a student 
would ask if she could work on the material on her own, with-
out having to come to class, which was allowed only in rare 
cases, lest every student choose to request the same priv-
ilege. 
Despite these difficulties, the major assignments of 
the course were completed by most of the students. The stu-
dents took required topic tests once in February and once 
in March (Appendix E-16). They handed in notebooks, showing 
the work they had done and included self-evaluations (impres-
sions) of their work so far (the day before Spring vacation). 
While only a bare majority of them selected chapters for 
their reading assignment by the first due date, most did 
hand in preliminary statements about their investigations 
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according to the schedule. By the end of March, the class 
had covered most of the material on statistics, some of the 
material on probability, and some work on setting up linear 
formulas based on a best-line fit. The first work on com-
puters was begun at the end of March. 
Most of the material presented did not strike any par-
ticularly positive response, although several of the students 
indicated in their talks with me that they were beginning to 
see the relationships between the investigations and the 
material covered in class. Two 11 nonbook 11 situations elicited 
the most interest from the students. The first arose after 
my return from jury duty for three days. After having dis-
cussed some of my experiences in the courtroom with the stu-
dents, I asked them to consider what the probability of being 
selected as one of the 12 members of a jury if the choice 
was made strictly at random from a pool of 35 potential 
jurors. Because of the immediacy of the question--it was a 
problem which I had been most recently very interested in 
solving and the students realized that th\.;y too could be in 
a similar situation in the future--and because of our recent 
discussion of probability, although on a fairly artificial 
basis, the students were interested in seeing the solution to 
the question. They had a chance to apply some recently learned 
theory to an immediate real-life problem. Several students 
(fortunately for the instructor) were able to use the con-
cepts we had discussed in class to arrive at an answer. This 
entailed a rare class-wide participation in the discussion. 
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The class as a whole was also quite interested when we 
began the discussion of computers and programming. Several 
of the students, who had done required work reluctantly, 
entered into the discussion about computers with enthusiasm. 
These were the first to try to use the terminals to run a 
previously sav~d program to find the mean and standard devia-
tion of a set of data. The possibility of using a computer 
to evaluate some of the data gathered in the investigations 
seemed to strike a responsive chord~ the fact that working 
with computers was active rather than bookish seemed to bring 
about increased interest. 
During the latter part of this seven-week period, the 
investigations moved to the data-gathering stage. Groups 
doing surveys of opinions of Bennett students determined 
samples of 20 to 30 students by a table of random numbers 
and a list of the names of students at Bennett. Members of 
other groups asked their neighbors in the dormitories to 
participate in tests of products. I realized by the middle 
of March that the idea of having the students do two inves-
tigations, the second based on the experience of the first, 
was not going to succeed. The members of my class would 
need the entire semester to finish one investigation in 
order to do a good job and to have time to write an accept-
able report. The group dynamics continued to slow progress 
for two of the groups. Student A complained that since 
student B had taken charge and delegated assignments, she 
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(student A) had only done some simple tasks and wanted the 
opportunity to do more. Student A also felt that student C 
felt the same way and that student D had not really contrib-
uted. Other groups, however, worked more harmoniously. 
The middle period of the semester closed with most 
groups finishing the data-gathering phase and moving toward 
the next part of the investigations, that of analyzing the 
data and coming to some sort of conclusion. 
Completing Investigations and other Work: 
The Last Part of the Semester 
The last month of the semester was characterized by 
11 finishing up 11 the various assignments given at the beginning 
of the course. The material from the textbook on programming 
was finished early in the month and the rest of the period 
was used by the students in writing computer programs which 
ran satisfactorily (Appendix E-17). Several class periods 
were used for the students to work on their investigations, 
particularly in analyzing the data and writing up the con-
elusions. A sheet with suggestions on writing the conclusion 
was handed out (see Appendix E-18). The students had two 
more opportunities to pass topic tests and they were given 
additional chances outside of class. The students worked on 
their reading reports and handed them in on the last day of 
classes, and each student handed in her notebook for the 
second time. The notebook, theoretically, consisted of all 
work done during the semester. Each student was asked to 
include the 11 self-evaluation 11 of progress made in the course, 
162 
but several of them did not make any effort to write such an 
evaluation. A discussion of the quality and nature of these 
various reports is given in Chapter IV. 
The final examination was developed to take into consid-
eration the various topics which the students had chosen to 
study during the semester. It consisted of five parts: 
four topic tests and two general questions involving problem-
solving strategies and the analysis of questionnaires. Each 
student was able to choose the four topics with which she 
felt the most familiarity and competence from among the fol-
lowing: statistics, graphing, computer, probability, inequal-
ities, linear equations, measurement, the normal curve, sets 
and logic, and consumer mathematics. The tests on linear 
equations, measurement and inequalities covered material 
which the students had studied in the computer-assisted lab-
oratory. A copy of the final examination is given in Appen-
dix E-19. 
The first of the two general questions was identical to 
the problem pre-course question, so that a comparison of 
the students' answers before and after the experiences of 
the semester could be made. Hence, the question read: 
Suppose in a store you wish to find out which is the 
best buy: a dozen small eggs, a dozen medium eggs, a 
dozen large eggs or a dozen extra large eggs. You have 
as much time as you need to investigate. How would you 
go about deciding what the best buy is? 
The question was intended to test the students' abilities to 
choose variables, to make observations, and to make decisions. 
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In order to answer the question completely, since no data 
were given, the students were expected to state the problem 
in quantitative terms and indicate what sort of data they 
would collect. In addition, the students were expected to 
discuss how the data would be analyzed and how the conclu-
sion would be determined. Any sort of intelligent answer on 
any of these parts would indicate a development of problem-
solving abilities during the semester. In addition to being 
part of the final exam and counting as part of the grade, 
the question was also intended to be used as part of the 
analysis of the progress the students had made in problem-
solving ability. These results are contrasted to the pro-
gress of the students in the comparison section and are 
reported in Chapter IV. 
The second general question on the final examination 
required the analysis of a hypothetical two-question, five-
choice questionnaire, given to 50 students. The made-up 
data were given as part of the question, so that, unlike the 
first question, the students were simply asked to evaluate 
the data. The question was as follows: 
A questionnaire is given to 50 people at random with 
the following results: 
A score of 1 is assigned to a choice of strongly 
agree, 
2 is 
3 is 
4 is 
5 is 
assigned 
assigned 
assigned 
assigned 
to 
to 
to 
to 
a choice 
a choice 
a choice 
a choice 
of 
of 
of 
of 
agree, 
no opinion, 
disagree, and 
strongly disagree. 
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The frequency distributions of the two questions are 
given: 
Question 1 Question 2 
Boys do better in 
rna th than girls 
score 
1 
frequency 
15 
Boys do better in 
English than girls 
score frequency 
Strongly agree 
Agree 
No opinion 
Disagree 
Strongly Disagree 
2 
3 
4 
5 
1 6 
17 2 10 
3 3 10 
10 4 15 
5 5 9 
Find the mean for each question. #1 ______ __ #2 ___ _ 
How would you analyze the results of the survey as to 
the opinions of those questions? 
These questions gave the students a chance to· do some calcu-
lations and to give an interpretation of the results. 
Description and Implementation 
of the Comparison Section 
The other section of Modern Mathematics was taught to a 
class of 35 students in a fairly conventional way with little 
change from the procedures used in past semesters. The same 
material was taught to all students in the class with no 
choice of tqpics given. There was no attempt made to involve 
students in an investigation. Only one assignment outside 
of the textbook was given. The class followed the textbook 
closely, which allowed for some additional topics to be cov-
ered~ The presentation was expository with frequent questions 
and discussion in order to involve the students~ specific 
homework questions were assigned each class period--some to 
be done for practice only and some to be handed in to be 
graded. Two one-hour exams were given during the semester 
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and each student was required to turn in a project involving 
statistics, but the data were given to the students prior to 
the completion of the project. Each student took a final 
examination. 
The majority of the time was spent on statistics and 
the use of formulas and graphing. There was no coverage of 
probability, per se. Several weeks were spent in using 
graphs of linear inequalities to solve minimum-maximum prob-
lems (linear programming), which because of its utilitarian 
nature, seemed to appeal to a greater number of students 
than did the other topics. The section on computers was 
well received. 
The final examination consisted of seven sections as 
follows: (a) 20 true/false questions covering all topics of 
the course, 2 questions on computers, 1 on quadratic graphs~ 
(b) same as statistics topic test~ (c) same as graphing topic 
test~ (d) same as normal curve xopic test~ (e) BASIC program 
trace~ (f) graphs of linear inequalities~ and (g) same as 
the two general questions in the final examination for the 
experimental group. (See Appendix E-19.) 
The students in the comparison section showed frequent 
boredom and occasional interest with the topics presented. 
Some worked homework assignments with determination while 
others did the required work with lack of enthusiasm. But 
there was no sense of frustration at not knowing what to do 
or what was expected. Neither was there much excitement or 
sense of accomplishment at having completed new tasks or 
at having discovered something about the real world which 
would be personally helpful to the student. 
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The Aiken attitude test and the four open-ended ques-
tions, which had been given to both classes at the beginning 
of the semester, were given to both groups as part of the 
final examination. An analysis of the comparisons of the 
results of these questionnaires is given in the next chapter • 
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This chapter provides additional perspective on the 
relative merits of the real-problem-solving approach to the 
teaching of general education college mathematics. Further, 
it examines changes in attitudes toward mathematics and 
learning and any increases in mathematical and problem-
solving abilities as a result of experiences during the 
semester. Specifically, the chapter contains (a) an exa~ina­
tion of some of the observations the students made in their 
notebooks, (b) a description in detail of a few of the group 
investigations, (c) an evaluation of the differences in the 
pretest and posttest results for mathematical skills, (d) an 
examination of the increase or decrease in problem-solving 
ability during the semester, and (e) a comparison of the 
changes in attitudes toward mathematics and toward the 
process of learning between the experimental and comparison 
sections. 
A variety of methods were used to undertake such an 
examination. These various pretests and posttests, self-
appraisals, and direct observations showed some definite 
trends but_no significant results. A number of students com-
pleted the 1~veetigations successfully and felt a sense of 
accomplishment, while others found considerable difficulty 
in coming to a successful conclusion • 
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Assessment of attitudes about mathematics and the pre-
ferred process of instruction took two forms. The Aiken 
Attitudinal Test as a pretest and a posttest and four addi-
tional questions at the end of the semester took the form of 
a series of attitude statements with five allowable choices 
for an answer--strongly agree, agree, undecided, disagree, 
and strongly disagree. These were scored using a method of 
summated ratings. This form of questionnaire, of course, 
forced the respondent to narrow a potentially complex and 
multi-faceted answer into one of the five categories, but it 
also allowed rapid assessment of the overall attitudes of the 
student and of the class on a numerical basis. The answers 
were kept anonymous to encourage honest answers and most 
students readily answered these questions. 
In addition to these Likert-type questions, several open-
ended short-answer questions were given before classes 
started and again at the end of the semester. The intent 
was to allow the students an opportunity to express them-
selves more completely on the issues. The questions dealt 
with student-oriented learning versus teacher-directed instruc-
tion, a comparison of the traditional curriculum with the 
use of activities, and a comparison of Mathematics 101 with 
Mathematics 102. As with the Aiken Attitudinal inventory, 
the answers were kept anonymous, and although it was not 
possible to follow the change in attitudes of individuals, 
a good deal of information about the entire class was 
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obtained. Two limitations, however, should be noted. First 
of all, despite the format of the questions which encouraged 
answers with explanations and rationalizations, many students 
preferred to answer simply "yes" or "no" with perh.aps an 
additional phrase. Few took the time or effort to explain 
their answers fully. Second, no clear consensus developed. 
Roughly as many students argued for one point of view as 
argued for the other viewpoint. Nevertheless, the cumula-
tive replies and some of the specific comments did give some 
insight into the issues involved. 
Student Notebooks 
The students in the experimental section were asked to 
keep a record of the work they did each day and to write 
down reflections they had on what they were doing in connec-
tion with the course. This journal, or notebook (a term 
which was more familiar to the students), was turned in 
twice during the semester and was to contain all the home-
work done, their reflections, work done on investigations and 
outside readings, and any other matters which the students 
wished to include. The notebooks were handed in just before 
spring vacation and again at the end of the semester. This 
section will summarize the contents of these notebooks. The 
other activities, such as the reading reports and the com-
puter programs, were quite routine and will not be given any 
further comment • 
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Student Journals 
The students were so unaccustomed to making journalistic 
entries that, by and large, they did not do so. None of the 
students made any day-to-day observations~ the most useful 
entries were one-page comments on their feelings about the 
course to date. Two of these comments will be given below 
in an attempt to show the general attitudes the students 
had about the course. Hence, the use of journal entries as 
part of the evidence for this inquiry was unfortunately not 
possible. 
The conflict between the activities of classroom and a 
research investigation explains, in part, why the students 
did not keep journals. The participants were involved pri-
marily as students, not as subjects in a research study. 
When the role came into conflict, the student role had to 
predominate. I could not in good conscience ask the stu-
dents to spend time that they didn't have to write out 
details of what they were doing in order to help with my 
investigation. It became too time consuming for them to do 
so. I encouraged them, but it soon became apparent that the 
students simply did not have the time and inclination to 
comply nor did they really understand what was expected. 
Here is a typical response which I wrote to one student in 
returning her notebook at midsemester: 
• • • Your notebook is well done and shows some good 
work, although it seems a bit sparse in working exer-
cises. Your statement about the goals of your project 
was good and informative, although again somewhat 
... -:.'• ~-~-~.·------- ·~ ·------
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brief. I expected to see more of an account (day-by-
day) of the work you have done outside of the class and 
the text--when did your group meet, what was discussed, 
what did you do each time you went to lab, what prob-
lems you have had, and what your plans for topic tests 
are? 
To another student I added an indication that I realized 
that the journal writing was a new experience and suggested 
she follow the directions about notebooks which I handed out 
previously (see Appendix E-14): 
• I expected you to give a day-by-day account of 
the work done in your group on your project, the think-
ing you have done in formulating questions, the time you 
have spent in outside reading, what other materials 
you have looked at, etc. You should indicate which 
topic tests you are planning to take and the work you 
have done each lab period. 
I realize that you did not understand what I 
expected on this notebook, so I suggest you go back 
and read the dittoed sheet on notebooks and grading 
carefully. I hope that your notebook will be much 
more complete, showing me all the work you have done •• 
Clearly, the writing of a day-by-day journal was asking 
too much of the students, so I gave it up for the last part 
of the semester. I felt that it was sufficient for them to 
put enough time on their other assignments for the class. A 
few students did write out an evaluation of the class. Here 
are two with somewhat differing opinions. The first cri-
tique, written during the middle of the semester, indicates 
some of the thoughtfulness and searching that some of the 
students were doing: 
I really don't like the way the class is being guided, 
because I can't get into it. I would rather work through 
the book in the order of the book. Having assignments 
from the book. [sic] It is not that I don't understand 
the material that is being taught. But, it is just that 
one day we're doing one thing and the next day we are 
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doing something completely different. I also don't 
like the group project we have. Because I can't do all 
the work and neither can anyone else. You can't really 
show your full potential because the·project is not 
just done by you. I don't see how you can evaluate 
each person separately as distinct from the group. It 
seems like we have 3 different classes, #1 on the sub-
jects from topic tests, #2 on the project and #3 on the 
lab. 
~1e second critique gave a considered response and was 
written after the investigations were completed: 
I feel that this class was truly different than any 
other class that I have. This class has allowed me to 
work at my own pace. My notebook was kept up. I tried 
to keep mainly notes and only important findings in this 
notebook. Therefore you won't find an abundance of 
unnecessary clutter. 
I have enjoyed this class and feel that my math 
class as a whole doesn't really participate in class. 
I don't feel that this class was unsuccessful due to 
the teaching but due to the students. You can't achieve 
anything without putting forth some effort. I myself 
have learned quite a bit from the class that will be 
helpful to me later in life. 
Daily Work 
While the requirement to write a journal was deleted, 
I still expected to see notebooks representing the work stu-
dents had done and were doing. The quality of these note-
books varied greatly--some were quite complete with a good 
deal of homework and some consisted of only three or four 
pages. For the notebooks at midsemester, most students 
showed several pages of homework and wrote brief descriptions 
concerning the investigations. 
The notebooks handed in at the end of the semester showed 
no improvement in the quality or amount of material included. 
The students had spent their time preparing for topic tests, 
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working on investigations, reading and writing book reports, 
and completing computer programs, rather than keeping up 
their notebooks. They were "after thoughts, 11 turned in to 
satisfy this one annoying requirement. Several of the 
students commented that they felt the notebooks were "busy 
work"~ clearly the notebooks were more for my benefit in 
o:tder to have documentation for the work I was doing than 
for the benefit of the students. Hence, the hoped for self-
evaluations were not completed. The best student evaluation 
of the course came from several open-ended questions to which 
the students responded on the last day of class. The results 
of these questions are discussed later in the chapter. 
Group Investigations 
In order to convey some sense of the activities, delib-
erations, consultations, and decisions involved with the 
investigations, the work of two groups and one individual 
is described as the investigations progressed from choosing 
a topic to writing a conclusion. In doing so, it is hoped 
that a greater idea may be given of the frustration and the 
feelings of accomplishment as well as a sense of what sort 
of skills and abilities the students developed. 
Group on Juvenile Crime 
The group on juvenile crime was formed, as were the other 
groups, during the second week of classes, and it was perhaps 
the strongest group of any. It consisted of seven individ-
uals, who participated in varying degrees, and who seemed to 
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work together without the difficulties some of the other 
groups had. The group was able to carry out its investiga-
tion with less assistance from the instructor in comparison 
to the other groups, but it ran into some difficulties in 
conceptualizing exactly what problem the members wished to 
consider and how they expected to go about reaching their 
conclusions. I met with the group once at the end of Jan-
uary to discuss with them their ideas. Early in February 
the group submitted the following questions to be used as 
part of a survey: 
1. Juvenile crime is more prevalent in today•s society. 
Do you agree, strongly agree, undecided, disagree, 
strongly disagree. 
2. What is your feeling toward the source of juvenile 
crime? Do you feel it starts in the: Home 
Schools Community All 
3. In what ethnic groups or nationality is the juve-
nile crime rate the highest: Whites Blacks 
Spanish· Other 
4. What age group is most likely to have the highest 
juvenile crime? Ages 6-10 11-15 16-18 
5. In what juvenile sex group is the crime rate high-
est? Male Female 
6. Do you feel the juvenile crime rate is increasing 
or decreasing? Why? 
7. Do you feel juveniles that commit crimes should be 
judged as children or adults? 
8. What are some ways to prevent juvenile crimes? 
9. If a child commits one crime, do you feel they will 
continue to offend the law? 
10. Counseling is an alternative to reform schools for 
juveniles? Yes No Why? 
As part of my interaction with the group, I made several 
suggestions for changes in the questionnaire (see Appen-
dix F-1). 
Early in February several of the members of the group 
submitted a preliminary report. Below are given two of these: 
..... -1..· .. ---~~- .. ---·-- ·~ ·---~·- ---~~4·-<0 ------·-··· ·----- - ·-----~ ... ---~---··- .... _.. ... ~r·· ...,. 
175 
Our group is doing a survey on juvenile crime. We 
have met three times already. We have made up a set 
of questions that we have typed up and are supposingly 
[sic] getting ready to start the survey. 
Our survey deals with what age group of children 
will commit crimes and why they commit them. What 
influences children to commit crimes? Do children who 
commit one crime commit another? 
Topic: The psychological statistical aspects of juve-
nile crime. Purpose of topic: The purpose of this 
topic is to obtain statistics to justify the psycholog-
ical reasons of juvenile crime. Procedure: We do not 
plan to conduct intense research on juvenile crime, 
but the main purpose of the group is to conduct surveys 
and obtain statistical data on the psychological reasons 
for juvenile crime. We do not plan to make our project 
a research of the factual data of juvenile crime, 
though we may have to include some of these facts to 
round out the paper, but we plan to make it pertain to 
the statistics of such crimes. We will conduct a sur-
vey of campus students to obtain their views of the 
subject matter and we plan to research the statistical 
facts relating to juvenile crime. 
In response to these statements, I asked the group to 
be more specific in determining the statement of the problem 
that they were investigating, the plan for specific action, 
how the respondents would be chosen, how the data would be 
tallied,and the method for reaching the conclusion. I 
pointed out that, as far as I could tell, the students were 
not determining the 11 actual 11 facts concerning these questions, 
but rather how the population at Bennett felt about these 
questions by taking a sample of the students on campus and 
asking for opinions. The group proceeded to revise the ques-
tionnaire and change the focus of the project. The revised 
questionnaire (below) was later given to a sample of students 
on campus: 
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Survey on Juvenile Crime 
The purpose of this survey is to find out how a group 
of college students would respond to the issue of 
juvenile crime. Please underline the answer you feel 
is most appropriate. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Juvenile crime is more prevalent in today's society 
than ten years ago. 
Do you: Agree Strongly Agree Undecided 
Disagree Strongly Disagree 
Do you feel the source of juvenile crime starts in 
the: Home School Community 
All of the previous 
In what.ethnic group or nationality is the juvenile 
crime rate the highest: Whites Blacks Spanish 
Others 
What age group is most likely to have the highest 
juvenile crime rate? Ages 6-10 11-15 16-18 
In what juvenile sex group do you feel that the 
crime rate is highest? Males Females 
The juvenile crime rate is: Increasing Decreasing 
Juveniles that commit crimes should be judged as 
adults. Strongly Agree Agree Undecided 
Disagree Strongly Disagree 
Some ways to prevent juvenile crime are: 
Counseling More youth activities Reform schools 
If a child commits one crime, he will continue to 
offend the law. 
Strongly agree Agree Undecided Disagree 
Strongly Disagree 
Counseling is an alternative to reform schools for 
juveniles. 
Strongly Agree Agree Undecided Disagree 
Strongly Disagree 
THANK YOU FOR YOUR PARTICIPATION IN THIS SURVEY! 
It is important to note that this particular investiga-
tion, unlike the others, did not really relate to solving an 
immediate real-life problem, the solution of which would 
bring about an immediate betterment in the lives of the 
persons involved. It was the only one of an academic nature 
and served, presumably, to satisfy some sort of curiosity. 
Nevertheless, the process seemed to be useful for those 
involved. 
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The next stage of this investigation was to determine 
the sample of students to be given the questionnaire. The 
members of the group used an alphabetical list of all stu-
dents enrolled at Bennett and a table of random numbers to 
choose a sample of 42 persons. According to one of the 
descriptions, "It was conducted on a person-to-person basis, 
by three members of the group. 11 The data which the group 
produced consisted of a frequency distribution, histograms, 
and a determination of means for each question. Each member 
of the group then wrote a separate conclusion in an attempt 
to analyze the results. It was in this step that the stu-
dents had the most difficulty--in interpreting the numE!rical 
data such as a mean in terms of meaning in the real world. 
One of the students, who was particularly interested in the 
subject (see the second preliminary report on p. 175) found 
actual statistics from a textbook on the subject, which she 
tried to relate to the results of the questionnaire. Her 
attempt fell somewhat short. 
here: 
Two of the conclusions reached by students are given 
I think that our survey on crime was very successful. 
We asked forty-two students at Bennett Colleee ques-
tions dealing with crime. All forty-two students 
responded. • We picked the numbers by random 
sampling. 
Although I don't think, the group worked together 
very well, I feel that we worked together well enough 
to get the work done. 
The questions were mainly dealing with juvenile 
crime. How the young children commit crime and how 
they should be punished, and why people thought the 
young children committed crime. 
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On the whole the information gathered was very suc-
cessful. It took a lot of time and effort to complete 
the survey. 
In the analysis I found that most people feel that 
crime (juvenile) is a very serious problem in society. 
It begins in the home, then in schools and finally in 
the community. Most of the students acted very intelli-
gently and interested in the survey despite those that 
thought of it to be ridiculous. 
In regards to the project itself I have learned 
that it takes a lot ••• to conduct a survey properly. 
Also I learned how to use a sample-counter on getting 
the students who would be selected to be included in 
the survey. 
I have enjoyed the time that was used to create the 
various questions used in the survey. The only disap-
pointing occurrence was that each member of group 
did not work as much as others. Also, a project of 
this nature should be done by people who are interested 
in the subject. 
Comments which I made to the group are found in 
Appendix F-2. 
Group on Antiperspirants 
A second group, which also consisted of seven members, 
worked on a "best buy" question dealing with antiperspirants. 
The group had considerable trouble with interpersonal rela-
tionships, as described in Chapter III. Despite the diffi-
culties involved with leadership, the work done and the 
results given in the various reports showed a good deal of 
effort, thought, and development of the ability to analyze. 
The group met once during class to get organized and one 
time with me in late January. The statement of the problem 
to be investigated and their plan of action was prepared 
and turned in early February. They planned to carry out a 
survey of which brands were used most by Bennett students, 
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to find out about the prices of the products, and to deter-
mine relative effectiveness. Various tasks were planned 
and the members of the group agreed to carry out one or more 
of the tasks. The original plan of the group was given as 
follows: 
Statement 
(1) 2 girls will conduct the survey and determine the 
two leading products. 
(a) need to survey 30 girls by random sample 
(b) need to determine the top brands--two 
leading brands 
(2) 2 girls will price the two products, determine the 
validity of advertising claims, determine how much 
you pay (price per ounce) 
(a) need to go to two different stores (or 
even more) to find the two products 
(b) need to write down the prices, ounces and 
the advertising claims that they see about 
the products on TV, mags, etc. 
(3) 4 girls need to test the effectiveness of the two 
products 
(a) two girls will undergo tests, using the two 
brands (extreme tests) 
(b) two girls will keep records on the test~ one 
will record one product, the other will 
record the other product 
(c) the first two girls will undergo a test in 
which they wear the product all day long 
under normal conditions 
(d) the other two girls will record the results 
at the end of the day 
(4) One girl will be the record keeper, she will obtain 
graph paper for the group, determine what sort of 
records and data should be obtained by the other 
girls, keep the total record of the group's progress, 
activities and findings, etc. All the girls will 
determine the results of the group's tests·, findings, 
and results. We will have a meeting at the end of 
the study of antiperspirant. 
(5) Two girls will write up the total summary of the 
test by answering the "Suggested uestions for Plan-
ning and Investigation" (ditto sheet), explain the 
group's activities, the evidence and the conclusion--
which brand is better • 
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At the bottom of the two-page report were names of the stu-
dents who agreed to do each of the tasks. 
I responded to this first draft with some suggestions, 
particularly that the group share in distributing the ques-
tionnaires and that the process of measuring effectiveness 
should be thought out more carefully. I also pointed out 
that each of the members of the group was expected to analyze 
the data and write separate conclusions. 
During the next month the members of the group worked 
on developing their own instruments or procedures for 
finding out the assigned information. The first student 
passed out a survey to students as determined by thoroughly 
mixing slips of paper numbered 1 to 603 (the number of stu-
dents enrolled at Bennett) in a paper bag. Thirty-four of 
these slips of paper were pulled out without looking. This 
process, although cumbersome when compared to the use of a 
table of random numbers, indicated that these students under-
stood the concept of a random sample quite well. The respon-
dents, as determined by the numbers drawn, were asked the 
following questions: 
1. Which brand of anti-perspirant do you use? 
2. What amount of influence does the price have on your 
choice? 
Heavy, average, or no influence 
3. What amount of influence does the effectiveness of 
the product have on your choice? 
Heavy, average, or no influence 
4o What amount of influence does the advertising of 
the product have on your choice? 
Heavy, average, or no influence 
~ ..... :;~~~ 
" 
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After the survey was undertaken, frequency distributions and 
histograms were prepared. (It turned out that effectiveness 
had the greatest influence on the choice of a brand~ adver-
tisement, little influence~ and price, only average influ-
ence.) 
Finding the best price for the various brands was 
straightforward--prices at three stores for each brand were 
gathered and the average price per ounce determined. The 
students found considerable difference in the average price. 
Testing the effectiveness of the antiperspirants took a 
good deal more inventiveness. Here is the way one of the 
members of the group described the experiment: 
We proceeded to test the effectiveness of the three 
brands, but then opted to use only two brands in order 
to accurately compare and contrast the results. For 
8-9 days, two members used one of the two brands, 
"Secret" or "Ultra Ban"--both roll-ons. The days were 
divided into four segments, each segment totaling four 
hours, and they decided whether or not their brand was 
effectively keeping them dry, slightly dry, or wet. 
The experiment also required that the daily activities 
be jotted down in order to get a better picture of just 
how the user spent her day. 
Experimenter #1 used Secret and #2 used Ultra Ban. 
Both girls followed mainly normal daily schedules, so 
the comparison was easy. On an average, experiment[er] 
#1 [scored] 2.46 and experiment[er] #2 [scored] 2.61, 
based ••• on numerical values--dry=3, slightly dry=2, 
wet=l, very wet=O. The difference between these values 
is .15 which seems to lose some of its significance 
considering the extreme activities that ~ performed 
by both experimenters. 
With limited time and facilities, this was, I thought, 
a commendable effort to gain some idea of the effectiveness. 
I pointed out to the group that to be able to say that you 
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have an unbiased experiment, you need to (a) make sure the 
experimenter does not know what brand she is using in order 
to avoid any personal preferences, and (b) have each exper-
imenter use both kinds to avoid any differences in individ-
uals. 
Each of the students of the group wrote a conclusion. 
The quality of these reports varied greatly, but for the most 
part they agreed on what the data'showed. This group had had 
a difficult time getting started, but they were able to work 
out a reasonable combination of ways to analyze the product. 
The members, with one exception, expressed positive reactions 
after the project had been completed. Below are comments 
from two of the students in the group: 
Student #1. I really enjoyed this project once we 
got the ball rolling because the results began to get 
very interesting. I also enjoyed working as the record 
keeper, pulling together the results, and analyzing 
them. In my opinion, analyzing the results was a pro-
ject within itself. 
Student #2. The group found that "Secret" roll-on 
which represents 35% of the thirty-four girls [was 
preferred over] Ultra Ban--17%. I feel that Secret is 
the number one and best buy. 
My conclusion is that Secret was the one that was 
the best due to circumstances that deal with different 
people's preferences, and the way [anti-perspirants are] 
advertised can influence a person, but not as heavy 
[sic] as effectiveness. The two girls that wore the 
two different deodorants came up with different results 
due to the difference of bodies and activities. 
I feel our group had its ups and downs but withstood 
all the misunderstanding and overall worked well as a 
group. 
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Other Investigations 
Not all the investigations were as successful as the 
two just reported. All the other groups dissolved into 
smaller numbers of two or three students each. Three stu-
dents decided to work completely independently. Over half 
.of the remaining groups used only one questionnaire which 
was passed out without using random sampling, with no other 
attempts to gather other facts or information about the 
product involved. Often neighbors on the same floor in a 
dormitory were asked to respond to the questionnaire. The 
results of the questionnaire were interpreted incorrectly, 
and if graded on a scale of 1 to 5, the mean for each ques-
tion would be computed incorrectly. In these cases the 
groups were asked to rewrite and resubmit the conclusions. 
Asking these students to write up credible conclusions 
without specifically teaching the skills needed to do so 
correctly led to confusion although the students understood 
the need for making the corrections. 
One of the students, who had struggled through two 
semesters of remedial mathematics as well as Math 101, worked 
on her investigation by herself. She passed out a ques-
tionnaire about why persons bought certain kinds of clothing. 
She finally figured out how to compute the frequency distri-
bution. In some comments addressed to me she wrote: 
After talking to you, I understood more what I was 
supposed to do. I hope you are as pleased with the 
project as I am. 
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This time I asked the questions of only two people, 
and I wasn't confusing myself with a large number of 
people~ and in general I felt a whole lot better about 
the project. ·I don't know who the people were, I just 
walked up to them and asked if they would mind answer-
ing some questions. 
In conclusion, I was very pleased, and enjoyed 
talking with these people. • I ran into some com-
plications doing the project the way we discussed, so I 
11 redecorated 11 by rearranging the questions and the 
responses. I really enjoyed doing this project, and I 
hope that I've gotten all the 11 bugs 11 out. 
For this particular student, the project gave her a much more 
positive attitude toward her mathematics class, despite a 
naivete, a limited knowledge of the subject, and three 
attempts to write up her conclusions. 
Several of the students decided to work on second inves-
tigations, partly motivated by the chance to earn a higher 
grade and partly because, having done one, they felt much 
more sure of undertaking a second. The quality of the second 
surveys was as good or better than the first ones. 
Those students who expressed personal reactions to 
doing the investigations generally gave favorable responses, 
once having completed the task and having come to some sort 
of meaningful conclusion. But as will be seen later in this 
chapter, based on questions asked of the students two weeks 
after the investigations were turned in, about half of the 
students indicated a preference for the usual melange of 
classroom activities, e.g., homework, lectures, and following 
the textbook • 
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Let us now turn to a consideration of the effect of the 
real-problem-solving curriculum on the acquisition of math-
ematical skills. One of the difficulties of assessing the 
effects is that the process was modified in the course of 
the semester, and although direct teaching was used in both 
classes, the specific teaching of particular skills was used 
for a greater amount of time in the comparison section than 
in the experimental class. Did this make any difference? 
Both groups were given the same pretest (see Appen-
dix E-4) and similar, but not identical, topic tests as part 
of the final examination (see Appendix E-19). For the pre-
test each of the five subtopics (algebraic expressions, 
solving linear equations, quadratic equations, simple graph-
ing,and basic statistics) was graded on the basis of 20 points, 
so that the total possible was 100 points. The first four 
topics had been covered in the previous course~ the fifth 
topic involving mean, median, mode, and frequency distribu-
tion for a collection of single digit numbers was new to 
most students. The results of the test are given in Table 4. 
The pretest showed a somewhat surprising result in that 
the means of the pretest scores--40.13 and 30.06--differed 
significantly. It seemed reasonable to expect that the 
usual student selection of sections of mathematics during 
registration, a selection based on a variety of factors, 
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Table 4 
Comparison of Quantitative Pretest Scores 
Number who took test 
Mean 
Standard Deviation 
Algebraic Expressions 
Linear Equations 
Quadratic Equations 
Graphing 
Statistics 
Difference of means 
Math 102-01 
Experimental 
Math 102-02 
Comparison 
Quantitative Pretest 
33 
40.13 
20.59 
28 
30.06 
17.90 
Means for the subsets (20 points) 
12.8 
8.8 
5.6 
10.5 
1.4 
.:t. = 2.0429 p <-05 
9.3 
7.4 
3.0 
9.3 
0.9 
Frequency Distribution 
[ 0-10) 
[10-20) 
[20-30) 
[30-40) 
[40-49) 
[50-59) 
[60-69) 
[70-79) 
[80-89) 
Minimum 
Maximum 
Experimental 
1 
3 
7 
4 
3 
5 
4 
0 
1 
8 
88 
Comparison 
4 
3 
10 
10 
0 
4 
1 
1 
0 
0 
77 
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Correlation with SAT-Math Scores 
.545 .509 
.. - -;.···--~--'""":""· .. ---·-- -·------- ---··- -------·-·-----~· 
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would result in a random cross-section of students with 
reasonably equal backgrounds in terms of Math-SAT scores and 
previous knowledge of mathematical facts. After all, the 
students had all taken Mathematics 101 during some previous 
semester. But this was not the case. Not only were the 
Math-SAT scores significantly different between the two 
classes (as noted in Chapter III), so were the differences 
in the pretest scores. Indeed, the~ test for making infer-
ences about the difference of means using independent samples 
with unequal numbers indicated that the assumption that the 
means of the two populations were equal must be rejected at 
4 the 5% level (~ = 2.0429 and P59 (t) = .9772). Hence the 
students brought mathematical knowledge to the classroom 
which was at considerable variance. In making any analysis 
of progress during the semester, it was necessary to take 
this difference into consideration. 
A breakdown into the five subtopics showed a consistent 
pattern--the comparison group scored lower than the experimen-
tal group in each of the five categories. Both groups showed 
little previous knowledge about quadratic equations or sta-
tistics: 23 of the 33 students in the comparison class 
scored zero on the quadratic equation while 16 of 28 students 
in the experimental class did not even try to answer the ques-
tion. The results for the two questions on statistics showed 
4All calculations were done on a Texas Instrument 58 
Programmable calculator. Statistical values were determined 
by using the applied statistics module insert • 
.. .. -t.-"~~~-.• .,. _______ ... ----- ~·-
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even worse scores. Here only 5 of the 28 students in the 
experimental class and 4 of the 33 students in the comparison 
section scored more than zero on the statistics question. 
The original intention at the beginning of the semester 
was to have the students in Math 102-01 "discover" for them-
selves those concepts which they would need to study in order 
to find solutions to the problems they were trying to solve. 
The hypothesis was, as discussed in Chapter III, that this 
procedure would increase the motivation the students WJuld 
have for learning specific mathematical concepts and hence 
increase the actual learning. The simplified model thus was 
to be: 
Problem to be solved 
J, 
Attempts to reach a solution 
J, 
Consultation with teacher, research in textbook 
Learning ne~ded mathematical skills 
-!t 
Solution to problem 
The process quickly broke down at Step 2 when it became 
apparent that most of the students had no idea of the kinds 
of ideas to consider, what data to collect, what to do with 
the data, what formulas to consider, etc. Hence the model 
of teaching procedure was changed somewhat to provide for 
greater teacher intervention as follows: 
Problem to be solved 
~ 
Attempts to reach a conclusion--find out the 
difficulties involved in finding a solution 
J, 
Directed suggestions as to the mathematical 
facts and procedures needed 
.J, 
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Teaching of the topic to the class or to groups 
\Y 
Solution to the problem 
By making this modification it was hoped the frustration of 
the first approach would be lessened but the motivation 
resulting from an attempt to solve an interesting problem 
would be maintained. 
In contrast, the teaching model for the comparison 
section was as follows: 
Teacher choice of topic 
. w. h . D1rected teach1ng of t e top1c 
w 
Test and application 
Much more time was taken with homework, lecturing, class 
discussion and review of the specific mathematics topics in 
the comparison section than in the experimental, since the 
experimental class spent the equivalent of two weeks of class 
time in carrying out the investig~tions. 
In order to assess the performance of the students, the 
four 11 topic 11 tests, which were part of the final examination, 
were scored on the basis of 25 points each in order to deter-
mine a total score of 100 possible points. The tests were 
similar to those which the students had been given during the 
semester~ however, the students in the comparison section 
were given no choice as to which topics they were tested on 
•0 ... -:.··.,-~---.-· ... - ... ---- -----L- .... • .. -~ .... ______ .,.._,. .. ,,,~-----
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while, consistent with the outline of the experimental 
course, the students in the experimental class were allowed 
to make a choice. The topics for the comparison section 
were statistics, graphing, evaluating the normal curve, and 
computers. The students in the experimental section were 
allowed to choose from among the same four topics (with 
identical questions) and, in addition, probability, linear 
equations, measurement, and inequalities. The results of 
the posttest scores are given in Table 5. 
A ! test of the hypothesis that there was no difference 
between the means was performed. The value of ! equals 
2.0043, and P (!< 2.043) = .977 with df = 60. Hence, the 
hypothesis that there was no difference between the means 
must be rejected. The fact that this statistical test 
indicates that the experimental class did a better job on 
the posttest doesn't tell us much since they also did signif-
icantly better on the pretest. To get a clearer picture of 
the relationship between the variables, a linear regression 
analysis was made. 
The linear model for each subject was the following: 
z = a 0 + a1x + a 2y + e 
where x is the pretest score and y is a qualitative var-
iable--0 for membership in the experimental group and 1 for 
membership in the comparison group. z, the covariable, is 
the posttest score. The summary of the analysis of the 
model is given in Table 6. 
-- ~- ·~ -- --------.-... --..-.·;<-." -... ~ 
Table 5 
Comparison of Posttest Score in 
Mathematical Topics 
Number who took the test 
Mean 
Standard deviation 
Math 102-01 
Experimental 
Math 102-02 
Comparison 
Quantitative Posttest 
30 
72.8 
20.59 
32 
63.8 
17.90 
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Number of students taking the topic tests 
Statistics 
Graphing 
Computer 
Normal Curve 
Probability 
Measurement 
Linear Equations 
Inequalities 
40-49!z 
50-59!z 
60-69!z 
70-79!z 
80-89!z 
90-99!z 
30 
27 
15 
6 
8 
7 
20 
6 
Frequency distribution of 
posttest scores 
4 
3 
5 
4 
10 
4 
Difference of means t = 2.043 p <-05 
. -- -t..~~----~--. ·------ ·~ _..._ ___ ...... -· .. -------··--·~-----
32 
32 
32 
32 
2 
8 
13 
8 
1 
1 
- . .. 
Table 6 
Analysis of Linear Regression 
Pretest and Section Versus Posttest 
Number 
Coefficient of determination R2 
Standard Error of Estimate 
constant 
Mean 
Coefficients 63.88 
X 
pretest 
35.62 
.25 
57 
.2597 
13.16 
y 
section 
.53 
-7.55 
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z 
post test 
68.89 
Standardized Coef. .o .3631 -.2771 
Correlation Coefficients and F-ratios 
Corr. Coeff. df F 
All 3 variables .51 2,54 9.471* 
z with X alone .43 1,55 12.73* 
z with y alone -.37 1,55 8.69* 
X with y alone -.25 
*Significant at the 1% level 
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This data crunching, for what it is worth, shows, as 
would be expected, that the pretest scores contributed sig-
nificantly to the posttest scores, but it also indicates that 
membership in the comparison section had a "negative" effect 
on the posttest scores. This latter result occurred despite 
the fact that a good deal more time was spent in the compar-
ison class "teaching" the topics covered by the tests than 
in the experimental class. All three [tests show significant 
results at the usual 5% level, and, indeed, at the 1% level. 
The regression of z on x and y is statistically significant, 
since the probability of an [ratio as large as 9.471 is less 
than .01. The relation between z and a linear least squares 
combination of x and y could probably not have occurred by 
chance (Kerlinger & Pedhazur, 1973, p. 40). The two inde-
pendent variables contribute a rather meager amount to the 
final results, namely only 26%. Furthermore, the data indi-
cate that the pretest scores contribute approximately 19% 
to the posttest scores while the contribution of y is 
roughly 13!f'/o. 
Looking more carefully at the difference between the 
results for the two sections, we see that since y is 1 for 
students in the comparison section and the coefficient -7.55 
of y is negative, the mere fact that a student was in the 
comparison section would mean, according to this analysis, 
a decrease of more than 7~ points compared to a student in 
the experimental class with the same pretest score. For 
'' - -t,.·w·-~~~'"-"'·-•- ... ------ • • -•·- _______ .. ., ''··----- - . .. 
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Evaluation of Problem-Solving Ability 
In order to make some sort of assessment of the improve-
ment in problem-solving ability during the semester and to 
compare such ability between the two classes, the Egg Problem 
was given to both classes as a pretest and as a posttest, and 
a questionnaire analysis was given to both classes at the 
end of the semester. The Egg Problem was an open problem: 
the student had to decide on strategies, needed data, and 
how to interpret the data. The questionnaire analysis was a 
closed problem: the question and the data were given and the 
student was asked simply to interpret the data. 
The Egg Problem 
The formulation and the assessment of the Egg Problem 
were patterned after the Notebook Problem used by the Unified 
Sciences and Mathematics for Elementary Schools (USMES) 
program in 1971-72 as part of its evaluation of its program. 
A brief review of the use of the Notebook Problem will help 
to explain the use of the Egg Problem. 
Bernard Shapiro wrote: 
In addition to ~he data yielded by [teacher logs, class-
room observations and standardized tests], however, 
there was a desire to observe the problem solving behav-
ior of elementary school children in a situation which 
was standardized and structured but which provided the 
subjects with an opportunity to consider and test 
hypotheses with concrete materials. 
In order to accomplish this purpose, the Notebook 
Problem was devised. It consisted essentially of pre-
senting the testee with three notebooks selected so as 
to differ from each other in terms of such dimensions 
as number of pages, number of lines per page, binding, 
__ ... _.. ------·····--··-·-.... -t.,· .. --~~·------ ·~~--·-····· . ' 
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price, space between lines, width of ruled margin, etc. 
and asking the testee to (a) select the most appropri-
ate one for his class, and (b) indicate the reas-ons for 
his selection. (1973, p. l) 
The Notebook Problem was administered to five randomly-selected 
children from each of several experimental and control class-
rooms involved in USMES projects. Trained personnel eval-
uated the student's procedures and interviewed the students 
to find out the reasons they had for making decisions. The 
problem-solving protocols were assessed using a simple 
scheme: 
(a) whether or not any of the subject's reasons for 
selection were stated along dimensions that were measur~ 
able within the test and 
(b) the highest level of warrant associated with the 
given reasons for selection. The dimensions measurable 
within the test situation were (i) size-volume ••• , 
(ii) weight ••• , (iii) quantity ••• , and (iv) 
cost. • • • Three categories were developed for level 
of warrant. These were (i) reasons given ••• expressed 
simply as personal opinion, (ii) a test was suggested to 
assess the reason given, and (iii) a test was actually 
performed to test the reason given. These levels were 
considered a hierarchy in increasing order of appropri-
ateness, and each protocol was assigned to the highest 
level present among the several that an individual sub-
ject may have used. (Shapiro, 1973, p. 4) 
To assess the benefit of the USMES program in develop-
ing problem-solving skills chi-square tests were used to 
test the results of (a) and (b) separately as two-way classi-
fication tables, involving the pretest and the posttest for 
the same category and school, i.e., the experimental and the 
control groups were considered separately. In all schools 
tested the increase in scores in the experimental groups were 
statistically significant at the 5% level while none of the 
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chi-square values for the controJ groups exceeded the theo-
retical values. 
Using this evaluation procedure as a model, I proceeded 
to set up a related problem which could be given to all 
students. The problem was essentially how to decide which 
size of eggs--small, medium, large, and extra large--would 
be the best buy. At the beginning of the semester the stu-
dents were given two days to consider the question and to 
write a response in as much detail as they felt was needed. 
The same question was included as part of the final examina-
tion and graded at the time generously~ the main reason for 
making it part of the final examination was to be sure all 
students responded to it. 
The pretest was not scored in any detail until the end 
of the semester, so that the pretest and the posttest could 
be scored at the same time with the same analysis. I had 
expected answers to indicate a mathematical approach, for 
example, finding out the weight of a dozen eggs and then 
dividing to find the cost per ounce. Most of the answers, 
however, were quite a bit more vague than that. The answers 
alluded to checking the price and the grade and then compar-
ing (no statement of what to compare) or to determining what 
the eggs would be used for {so that the size, not the price, 
would be the determining factor). 
My first attempt at setting up a method of evaluation, 
similar to that of the Notebook Problem, involved recognizing 
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any suggestion for considering price, weight,or volume as 
quantitative measures, but I found that many of the students 
used the word "size" which I had originally not recognized 
since I felt that it was too vague. I later decided to 
include "size" as a legitimate response. Furthermore, in 
assessing the various levels of warrant, I originally 
accepted three levels: personal opinion (no attempt made 
to gather and evaluate data), vague idea of some sort of a 
test, and a specific test. I discovered that this three-way 
grading procedure did not allow a distinction between those 
answers which gave only a personal opinion and those which 
alluded to, but did not specify, a specific process, e.g., 
"would compare," or "would decide on how the eggs would be 
used." Hence, the final procedure of analyzing the levels 
of warrant included a hierarchy in increasing order of 
appropriateness including personal opinion, a vague allusion 
to quantitative analysis (comparison, number of eggs used), 
one specific operation, and a complete set of procedures in 
order to come to a conclusion. In assessing the number of 
measurable dimensions, I included not only my original three 
(price, weight, and volume) but also size, grade, and purpose 
if quantifiable (use in recipe, use for a family of four, 
etc.). I assessed both the pretests and the posttests 
twice over a period of two days in order to check for con-
sistency of judgment, and in those cases that the analysis did 
not agree, I checked the protocols a third time. 
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As an indication of the wide variety of answers given 
by the students, several are included below. These were 
given at the beginning of the semester: 
I would evaluate all four sizes of eggs. I would need 
to obtain all the information needed about the eggs, the 
sizes, and costs. I would compare the information got-
ten on all sizes of eggs, then determine which is the 
best buy. I would say the best buy varies. I think 
the best buy would be according to what the eggs are 
being used for. You would use different sized eggs 
for different uses and purposes. After arriving at 
my conclusion I would then test my hypothesis to see 
if it is correct. 
This protocol was given a rating of 3 quantities but a vague 
rating for the highest warrant. The words "compare 11 and 
"determine" do not convey any sort of specific problem-
solving process. Nevertheless, when contrasted to the next 
response, the reply above had some merit: 
tion: 
I would choose the larger eggs as the best buy because 
some times there are two egg yolks in them, so I would 
get two eggs instead of one. 
A home economics major provided the following informa-
When you purchase eggs, one should consider many factors 
in order to get a good buy. First of all, all eggs 
offered for sale in most retail stores are graded. 
Because eggs also are sold on the basis of weight, the 
consumer must consider both grade and weight in rela-
tion to the price of eggs. Grade and size are indepen-
dent factors since Grade A eggs have the quality whether 
they are small or large. It is usually assumed in 
recipes that the egg size is either medium or large. 
So, the best buy would be a medium grade A egg. In 
order to arrive at a conclusion, one must first gather 
information on eggs. Then [find outlabout different 
types of eggs and try to determine the best buy. The 
information should be thought out and summarized • 
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I gave this reply a score of 2 (grade, weight) and S (she 
had a specific method and reason for her conclusion). The 
Egg Problem I gave was clearly an open-ended question, since 
the students first had to decide what was meant by 11 best 11 
and also how they would go about determining which product 
satisfied the criteria. The home economics major had not 
mentioned price at all nor any consideration of getting the 
11most 11 for her money. For her, large eggs would not be sat-
isfactory since they could not be used properly in recipes. 
Essentially the same question was given at the end of 
the course, except that the students were asked to take not 
more than 20 minutes to answer the question. Some of the 
students made no attempt to respond to the question at all~ 
many gave the same sort of vague suggestions of what quan-
tities to consider but did not tell what to do with the infor-
mation. Two showed that they had learned the steps for doing 
an investigation, but they left out the specific details. 
Here is one example: 
Set up a survey concerning the products being compared. 
Prepare questionnaires. Collect data. Compute data. 
Compare data. Compare data that has already been gath-
ered to your data. Draw a conclusion based on raw data. 
Compute to see if conclusion is valid. Compare statis-
tical facts. 
As can be seen, this student outlined the general steps but 
did not indicate any specific quantities to be considered or 
any questions to be included on the questionnaire. 
Some of the students who worked on investigations during 
the semester suggested that one way to find out the best buy 
•. - -t.,.·· ... ~~~~·------ ... ---~--·--·· ---- -~----- .. --··---- --- ----------------- ... -- .... ·~- ... ----
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would be to ask 30 shoppers (at random) what size they pre-
ferred~ the most popular choice would determine the best 
buy--the democratic rationale. The next example shows how 
difficult it was for one student to be precise~ she indicated 
some of the considerations which would go into her decision, 
but she could not put them in truly quantitative terms: 
When you go into the store to buy the best eggs, you 
compare each dozen eggs by the price. Then you decide 
which size would be logically the best buy~ the small 
eggs are too small, the medium eggs are in between ••• , 
the extra large eggs are too big and the large eggs 
would appear and ~ [underlining mine] to be the best 
buy, because of their size and their being the best size 
of eggs. 
Perhaps the best response in pinning down a quantitative 
process for making a decision came from one of the students in 
the experimental class: 
I would take an example of each size of egg and test it 
to see which egg would give me more use at a low price. 
I would make a cake for example. Suppose the recipe 
called for two eggs. Now I would buy half a dozen small 
eggs at 24¢, half a dozen medium eggs at 34¢, and half 
a dozen large eggs at 45¢. The half dozen small eggs 
are 4¢ each and the large eggs are 8¢ each7 the medium 
eggs are 5¢ each. In the cake recipe if I used two 
small eggs, it would cost 8¢. If I used two medium 
eggs, it would cost about 10¢. But since the large 
eggs at 8¢ can do, I would buy the large eggs. They 
are cheaper in the long run. 
The summary data for the Egg Problem are given in 
Table 7. This table shows that the largest number of stu-
dents in each of the categories considered ~wo measurable 
items, most often the price and the size. The only change 
in frequencies of any importance occurred in the experimental 
group in the column for 3 measurable items (5 for the pretest 
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Table 7 
Reasons for Decision on Egg Problem 
Number of Measurable Items 
0 1 2 3 
Experimental--Beginning 2 5 14 5 
Experimental--Conclusion 2 2 14 12 
Comparison--Beginning 1 6 16 5 
Comparison--Conclusion 6 7 14 5 
Highest Level of Warrant 
One 
Opinion Vague Computation 
Experimental--Beginning 9 14 1 
Experimental--Conclusion 3 18 5 
Comparison--Beginning 6 19 3 
Comparison--Conclusion 12 18 2 
Total 
26 
30 
28 
32 
Specific 
2 
4 
0 
0 
Total 
26 
30 
28 
32 
1\J 
0 
1\J 
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and 12 for the posttest). As with the Notebook Problem, 
chi-square contingency tests were made to compare the before 
and after results for the experimental and comparison groups 
separately. In addition, the results for the two groups 
before the semester started were compared and the results 
for the two groups at the end of the semester were compared. 
The specific statistical question considered in each of the 
four cases was whether there was a siqnificant difference 
between what was observed and what was expected, where the 
expected frequencies were determined by taking each two-way 
classification table and multiplying each row total by each 
column total and dividing by the overall total (Freund, 
1970, p. 254). Since some of the cells contained entries of 
four or less, Yates' correction formula was used for the 
computations (Gordon & Schaumberger, 1978, p. 165). Table 8 
gives the results. 
These results show that none of the relationships were 
significant at the 5% level. However, it can be seen that 
at the beginning of the semester the results for the two 
classes are almost identical for the measurable items while 
at the end of the semester the difference from the expected 
in the experimental versus comparison had increased greatly. 
In terms of the level of warrant associated with the 
subject's reasons for making a decision, the summary data 
in Table 7 show a less clear result, although the number of 
"opinions only" decreases for the experimental section while 
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Table 8 
Egg Problem: Chi-Square Test Results 
1.2 
Cumulative 
df Probability 
Measurable Items 
Beginning--Experimental vs. Comparison 3 .0593 .0037 
Ending--Experimental vs. Comparison 3 4. 8980 .8206 
Experimental--Beginning vs. Ending 3 2.4157 .5093 
Comparison--Beginning vs. Ending 3 2.1619 .4605 
Level of Warrant 
Beginning--Experimental vs. Comparison 3 1.9290 .4127 
Ending--Experimental vs. Comparison 3 6.9301 .9258 
Experimental--Beginning vs. Ending 3 4.0519 .7440 
Comparison--Beginning vs. Ending 2a 2.4228 .7021 
aSince the cells in the last column for the comparison sec-
tion for both the beginning of the semester and the ending 
of the semester contained 0, the expected frequency is 0, 
so that these cells were eliminated in the chi-square test . 
... - -t.~"----~--.· ... ------- ·--···-·- --·· .. _____ .,._ .. ________ _ 
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the number of "opinions only" increases for the compa::-ison 
group. Table 8 indicates that this difference between the 
posttest and pretest results for the experimental group, 
while.not significant at the 5% level, is significant at 
the 10% level. 
The Egg Problem was intended to assess some possible 
trends in the development of problem-solving ability. The 
evaluation procedures suffered from vagueness of the question, 
lack of quality control in assessing the results of the stu-
dent responses, and a poor choice of timing for giving the 
posttest since students were expected to write out a response 
in 20 minutes at the same time they were finishing a final 
exam. Furthermore, any attempt to reduce such a task as 
problem-solving to such a simplistic statistical analysis is 
suspect. The replies of the students for the most part were 
disappointing in contrast to what should be expected of all 
students at the end of the semester's work. Nevertheless, 
the data do show that the process of using an investigation 
as part of the teaching process is helpful in making the 
students aware of at least some of the aspects of a problem-
solving approach to a real-life problem. 
Questionnaire Analysis 
A second question on the final examination used to assess 
problem-solving ability dealt with the interpretation of given 
data in the form of frequencl'~ distributions for two hypothet-
ical questions on a questionnaire. The students were asked 
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simply to evaluate the data and analyze the results of the 
survey. This skill had been discussed in the comparison 
section, albeit in a fairly theoretical way. 
The difficulty for the unaware student in this problem 
was that the mean was found by taking the sum of all 50 scores 
(for the first problem this included 15 ones, 17 twos, 
3 threes, 4 tens and 5 fives) and then dividing the sum by 
the total number of scores (50). Analysis of the data fol-
lowed from the observation that the middle score between 
1 and 5 was 3, so that a score of less than 3 would be 
interpreted as favoring a general feeling of 11 agreement 11 
while a mean above 3 would indicate a disposition toward 
11 disagree. 11 Many of the students in two classes found 
either the mean of the scores, 1, 2, 3, 4, 5 (hence getting 3 
for both questions) or found the mean of the frequencies, 
hence getting a score of 50/5 or 10. Unfortunately, neither 
class did very well with the question. The students tended 
to jump to conclusions rather than analyzing the data care-
fully. Again, perhaps they were tired after completing the 
rest of the final examination~ perhaps they would have done 
better if the question had been given during a class period 
and more time had been allowed for its completion. 
For what it is worth, the question was graded on a 
15-point basis as follows: up to 5 points for computing the 
mean of either the scores or the frequency~ 10 points for 
computing the means of the scores correctly (2.46 and 3.22 
-t,·"-·· -........----.;~--. ---·--- ---·- -···- -··- ----.--.---···--- ---
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respectively) and up to 5 additional points for interpreting 
the means even if computed incorrectly. The experimental 
group had a mean of 9.13 while the comparison group had a 
mean of 5.09. The difference in the scores indicates that 
the active learning required in the investigations led to a 
better understanding of the process. Most of the students 
in the experimental class went through this process in inter-
preting questionnaires used in investigations. The computa-
tions of the means apparently made more sense to them than to 
those in the comparison section who had previously worked a 
similar problem only as a homework problem. 
Attitudes Toward Mathematics 
To get a greater sense of the attitudes the students 
had toward mathematics, they were given the Aiken Attitudinal 
Test and an open-ended question early in the semester. 
Previous Experiences in Mathematics Classes 
The short-answer question concerning student attitudes 
about mathematics was "What previous experiences in math 
classes have led to your like or dislike of math?" There 
was a wide discrepancy of answers, but a majority in both 
sections told of experiences which had led to a general dis-
like of mathematics--17 of 28 in the comparison section and 
18 of 27 in the experimental section. 
A frequent reason given for disliking mathematics was 
having had a "poor" instructor~ conversely, a frequently 
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given reason for liking mathematics was a previous experience 
with a good, interesting, and helpful teacher. For example: 
All my experiences I've had with math were horrible. 
I realize some may be due to lack of interest but I 
have always hated it and never really tried hard enough 
to study it. Especially after my horrible Algebra 
teacher in high school. • • • (Comparison) 
I've always liked math, but my previous experience 
is having a good teacher for mathematics. (Experi-
mental) 
Here is a slightly different slant on what one student felt 
made a good math teacher: 
My dislike [came when I had] a boring teacher who never 
assigned homework and tried to make himself clear (by 
repeating the same explanation). My like [sic] is hav-
ing a teacher who assigns homework and one whom I am 
not afraid to ask questions of like the math teacher I 
have now. (Comparison) 
The next response described the most difficult experience 
given by any of the students: 
When I was a senior in high school I had a business 
math teacher who was really dumb. • • • If a student 
could not work a problem, she would make fun at her 
and send her to the blackboard so she could have some-
thing to play with ~~d she did that to me. It really 
hurt. I lost respect for math teachers. I feel that 
they think they know everything and I lost respect for 
math at that time. • . • {Experimental) 
Finally, here is an example of a student who mentioned both 
favorable and unfavorable experiences in previous mathemat-
ics courses : 
I have disliked math ever since I first entered school • 
• • • Back in Jr. High I hated my mathematics teacher 
and have been turned off toward math ever since •••• 
Since I have been enrolled in your class I have learned 
a great deal from math. I'm beginning to understand and 
like it more and more. (Experimental) 
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Other students listed boring classes or boring topics--
particularly high school geometry--as leading to a dislike 
for mathematics. A sizeable group of students indicated the 
difficulty of the subject led to their not liking the subject 
as evidenced by their getting bad grades, giving up, and not 
being able to get the 11 correct 11 answers. Approximately 25% 
of each class indicated liking mathematics: 11 It has always 
been exciting 11 ~ 11 I have always liked the challenge of solving 
mathematics problems 11 ~ or 11 I have enjoyed challenges in 
mathematics since 3rd grade and have always worked well with 
nurfl.berS o II 
Aiken Attitudinal Test 
The Aiken Attitudinal Test was given at the beginning 
of the semester and at the end of the semester in an attempt 
to get a sense of the direction and magnitude in any change 
of attitude toward mathematics. The reliability for this 
test has been found to be .94 for the test-retest (Aiken & 
Drieger, 1961, p. 18). This test was graded on the scale of 
1 through 5 with the smaller numerical value indicating 
attitudes of dislike for mathematics. A summary of the 
results is given in Table 9. 
It might be expected that those students who have chosen 
fields not involving quantitative analysis such as mathemat-
ics and science would have a fairly negative attitude toward 
mathematics. We have already seen that many of the students 
--------~-·-· ----.---·-~-----
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Table 9 
Aiken Attitudinal Scoresa 
Pretest Pretest Posttest Posttest 
Experimental Comparison Experimental Comparison 
Number of 
Students 
Mean 
Standard 
Deviation 
[1.0-1. 5] 
(1.5-2.0] 
(2.0-2.5] 
(2.5-3.0] 
(3.0-3.5] 
(3.5-4.0] 
(4.0-4.5] 
(4.5-5.0] 
34. 
2.62 
.865 
Results 
34 
2.50 
.949 
30 
2.93 
.851 
Frequency Distribution--Percentages 
8.8 
23.5 
23.5 
17.6 
5.9 
11.8 
8.8 
.o 
17.6 
14.7 
35.3 
8.8 
5.9 
11.8 
2.9 
2.9 
3.3 
10.0 
16.7 
33.3 
10.0 
13.3 
10.0 
3.3 
24 
2.77 
.795 
4.2 
17.7 
16.7 
20.8 
25.0 
12.5 
4.2 
.0 
aThe values were assigned these meanings: 1-Strongly Dislike 
2-Dislike 3-Neutral 4-Like 5-Strongly Like 
-t.""--~...----:--·~-·------ ----- -· .. h-.... -------."""'-·--··---
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wrote of unpleasant experiences in previous mathematics 
courses. However, the results of the Aiken Attitudinal inven-
tory at the beginning of the course indicated only a mild 
dislike. Since a score of 2 represents "dislike 11 and a 
score of 3 represents a 11 neutral 11 attitude, then the pretest 
means of 2.6 and 2.5 represent scores approximately halfway 
between 11 dislike 11 and "neutral. 11 On the other hand, in terms 
of sheer numbers of students, a large majority of the students 
showed some degree of dislike for mathematics: 73.4% of the 
experimental class and 76.4% of the comparison class had a 
score of 3 or less. 
Table 10 gives a summary of the Aiken Attitudinal scores 
and with only four categories, it shows more clearly that 
the results for the two groups for the pretest were quite 
similar. For both groups there was a slight shift toward a 
more favorable attitude toward mathematics as a result of 
the experiences the students had during the semester. On 
the posttest a slightly greater number of students in the 
experimental class showed either a dislike or a mild dislike 
than in the comparison group: 63.3% to 58.4%. Apparently, 
several of those students who really disliked mathematics in 
the comparison group found enough favorable experiences in 
the traditional classroom and hence came to feel somewhat 
better about mathematics in general. Another shift of note 
took place in the last category, "like mathematics, 11 in which 
8.8% in the pretest for the experimental group increased to 
--------~--- .. -·----.-~-·--~-- --· ~----.....------~------~--,;-~---~ 
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Table 10 
Summary of Aiken Attitudinal Scores 
Four Categories, Percentages 
Range of Pretest 
Category Scores Experimental 
Dislike 1-2 32.3 
Mild Dislike 2-3 41.1 
Mild Like 3-4 17.7 
Like 4-5 8.8 
Pretest Post test 
Comparison Experimental 
32.3 13.3 
44.1 50.0 
17.7 23.3 
5.8 13.3 
Post test 
Comparison 
20.9 
37.5 
37.5 
4.2 
N 
1-' 
N 
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13.3% on the retest, while in the comparison section, the 
percentage for the highest level group decreased somewhat. 
Perhaps it can be speculated that some of the students who 
came to the class with a favorable attitude toward mathemat-
ics found the investigations enjoyable while students in the 
comparison section found the lecture-discussion approach 
unchallenging. 
It should be pointed out that since the Aiken Attitud-
inal Inventories were anonymous, a correlation or comparison 
for individuals could not be made. A more careful analysis 
of how the two approaches affected individuals in the various 
categories could have been made if the students had been 
required to put their names on their replies. But this 
might have produced somewhat less candid replies and seemed 
inappropriate in a classroom setting in which students were 
to receive grades. Similarly, an analysis using a linear 
regression could not be made. 
To discover more completely the effect of the real-
problem-solving curriculum, a i test was performed to compare 
four different pairs of groupings (Glass & Stanley, 1970, 
p. 295). A summary is given in Table 11. 
The results do not allow any significant advantages of 
one method to be claimed over the other (at the 5% level), 
but they do show some trends. 
As would be expected by the results of the frequency 
distributions, there was very little difference between the 
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Table 11 
Aiken Attitudinal Scores 
~ test, Difference of Means 
Comparison .:!: valuea 
Degrees of Cumulative a 
Freedom Probability 
1) Experimental: pretest vs. posttest 1.427 62 .9208 
2) Comparison: pretest vs. post test 1.114 66 .8654 
3) Pretest: experimental vs. comparison .504 64 .6921 
4) Posttest: experimental vs. comparison 1.166 50 .8755 
at values and cumulative probabilities were computed with a TI-58 programmable 
calculator using the applied statistics module insert. 
N 
I-' 
.j:::. 
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two groups (line 3) at the beginning of the semester. The 
difference between the two means would be equal to or more 
than the observed value by chance approximately 30% of the 
time. However, when the test was taken at the end of the 
semester, as indicated in line 4, the probability that the 
difference of means would occur by chance decreased to approx-
imately 12% of the time. While not a significant result, 
this would seem to indicate that quite a number of the stu-
dents in the experimental class found that the various exper-
iences during the semester gave them a somewhat more positive 
attitude toward mathematics. This increase may be due, of 
course, to maturation in general, to influences outside of 
the classroom which had a bearing on attitudes toward mathemat-
ics, to the introduction to some new experiences and concepts 
in mathematics (e.g., computer or statistics) not found in 
high school, or, perhaps, to a sympathetic teacher. 
The first two lines in Table 11 give a clue to how much 
the real-problem-solving approach influenced the attitudes 
between the two sections. The change in means between the 
test and the retest with the experimental group would occur 
by chance only 8% of the time while the change between the 
means for the comparison group would occur by chance only 13% 
of the time. There is not much difference between the two 
values. Some experience in both classes led to an improvement 
in attitudes, but it is not at all clear that the opportunity 
to carry out real-problem solving had anything to do with the 
change. 
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Attitudes Toward Learning and Curriculum 
The students• responses to other short-answer questions, 
designed to assess their attitudes toward other issues, are 
summarized in this section. 
Use of Daily Assigned Homework Problems 
One short-answer question, given to students in both 
sections at the beginning of the semester, tried to assess 
their feelings about being told or not being told exactly 
what homework problems to work. The question asked if the 
student felt frustrated and lost if the instructor did not 
indicate the precise pages in the textbook and the exact home-
work problems to be worked. Most students, instead of answer-
ing the questions in depth, gave very short replies--"no," 
"sometimes," "most of the time," or "yes." The results of 
the student responses are given in Table 12. 
A slight majority of the students felt that they would be 
frustrated if the teacher didn't tell them what to do. Sev-
eral of the students expressed the feeling that if the 
teacher didn't spell out exactly what they were to do, the 
instructor was lazy. Others argued that a college student 
should be able to make some decisions on her own. 
Some sample opinions are given below: 
No, I don't feel lost and frustrated because I know I 
could find [the problems]. I feel lost and frustrated 
when the instructor continues to lecture about something 
that's of no interest ~o me. Because I am bored and 
just don 1 t want to do Lanything] (sic). (Comparison) 
Yes. Because an instructor is supposed to tell you what 
he wants to be done. (Comparison) 
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Table 12 
Results for "Should Instructor Detemine 
the Entire Assignment?" 
Question: Pretest Both Sections 
Do you feel frustrated and lost if the instructor 
doesn't indicate what pages in the textbook you should read 
and which questions should be answered? 
Percentages 
Most of 
No Sometimes the time Yes 
Experimental 41.1 6.9 6.9 48.3 
Comparison 20.0 6.7 .0 56.7 
Experimental: 29 answers Comparison: 30 answers 
-;.·-,·~~---.·--- .. - -~--·- ________ _.. --~---··~--- -· -·~·--~-... ·----·--------;..-··~~· ... 
218 
Yes. I do feel this way. I feel the teacher is lazy 
and just [doesn't] want to do his job. (Comparison) 
No, I do not. I simply look and read over the whole 
chapter on whatever we're doing. (Experimental) 
Sometimes I feel lost when the instructor doesn't 
indicate which pages and assignments should be done. 
But I will take time to do some work myself so I can 
have a better understanding of the work. (Experimental) 
Yes. I do feel frustrated and lost. It makes me feel 
uncomfortable when test time comes, because I am not 
sure if what I have read is correct rthe material to be 
covered on the test]. (Experimental) 
No, I do not feel frustrated or lost if the 
does not indicate the page in the textbook. 
college student, I should be able to locate 
table of contents or index. (Experimental) 
Self-directed versus Teacher-directed Learning 
teacher 
As a 
it in the 
The second issue examined was how much responsibility 
the student should assume for her own learning and how much 
direction the teacher should be expected to give. The ques-
tions, time, and section, and the categorized responses are 
given in Table 13. 
For the first question, the answers generally fell into 
four categories: the instructor should choose all topics, 
the students should have some say, there should be an equal 
sharing in the choice of topics and activities, and the stu-
dent should have the entire choice. Both groups felt that 
while the instructor should have most of the responsibility 
for choosing the topics, the students should have some choice. 
The only surprising result was that none of the students 
responding in the comparison section felt that a student 
... - -;.· ... --~--~------ -·-----·-··· _,_ .. ----~---··----·-
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Table 13 
Self-directed versus Teacher-directed Learning 
1) Do you feel that the instructor ONLY should choose the 
topics in mathematics for the students to learn or should 
the students have some say in what topics are stUdied? 
Explain. 
Both sections 
Number 
Experimental 32 
Comparison 26 
Beginning of the semester 
Percentages 
Instructor Both Student Student 
Only !Equally Some Say Only 
28.1 18.8 43.8 9.4 
38.5 15.4 46.2 0.0 
2) Do you feel that all students should be forced to learn 
the same material~ if a survey is a part of the course 
should it be a group activity or done individually? 
Experimental section End of the semester 
Number 
Same 
To]2ics 
Choice of 
To_pics No answer 
30 6 5 19 
3) Do you feel that in a course such as Math 102--the last 
math course for most students--the instructor should pick 
the topics to be learned (the same for all students) or 
should the students have some choice? 
ComJ2a;J;:ison Section End of the semester 
Same Choice of 
I 
N)J!!!ber To12ics To12ics No answer 
22 3 7 12 
4) Do you feel that an instructor in college should have 
to assign daily homework, some of which must be handed 
in and graded, or should college students take respon-
sibility for their own learning? Explain. 
~om12arison Section End of the semester 
Number 
24 
Instructor 
Homework 
8 
Student 
2 
. ·----- -·---·-· ______ .. _ .. -·--~-----
No answer 
14 
220 
should have complete control in the choice of topics she 
studied. Here are some typical responses made by the stu-
dents: 
I think that both the students and the instructor should 
have a chance to choose a topic in math, because the 
students ••• should know what pertains to their major, 
which is very important to me. Therefore, they should 
suggest to the instructor that he [teaches~ the math 
[needed] for that major first! Then, the 1nstructor, if 
time permits, can go over topics he feels the students 
will need in the future. (Comparison) 
Both. Because students may not know what they need 
and choose [onlyJ easy things. (Comparison) 
I think that a student should have some say into what 
should be studied because if a student is studying some-
thing she is interested in or enjoys, she is more likely 
to learn the topics better. (Experimental) 
I feel that the instructors along with the student 
should decide on what is to be taught, but the instruc-
tor would have the dominant hand in the final decision. 
I feel he knows what the students [are] required to 
obtain from the course. The students should have some 
suggestions for outside projects. (Experimental) 
The follow up questions at the end of the semester were 
not exactly the same for the two sections, but there was suf-
ficient similarity to allow a comparison. Only eleven of 
the students in the experimental section bothered to answer 
this question~ of these, six gave answers generally favoring 
the same topics being taught to everyone. Some typical com-
ments were: 
Students all need to be exposed to the same topics. 
Teach the same as last semester--did not really get into 
the course. 
Class should go back to the old way mathematics is 
supposed to be taught. 
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Students should work all the problems of the text~ they 
will need it later. 
On the other hand, three of those who responded called 
for a combination--start by teaching in the usual way, cover-
ing certain set topics and then allow the students to work 
on an activity or an investigation during the latter part of 
the semester. These students felt that doing surveys without 
any prior explanation was too difficult. Finally, the follow-
ing reply represented the viewpoint expressed by several 
others in the class: 
I feel that I have learned a great deal from the class 
and [I felt] free to talk to my instructor at any time. 
I would recommend this class to others. 
The question given the comparison group (#3 in Table 13) 
was also given a meager response. Only 10 of the 24 respon-
dents answered it. This would seem to be an indication that 
most students did not really care about the issue. Seven of 
the students called for a student choice while only three 
felt that the teacher should make all the choices, based on 
the alleged wisdom of the instructor. Hence a majority of 
those students in the comparison class, the class which 
allowed the students no choice concerning the topics to be 
learned, favored a choice, while a majority (a bare majority) 
of those students in the experimental class, the class which 
allowed a great deal of choice, preferred that the teacher 
make most of the decisions for the class. 
The second follow-up question given to the comparison 
section (#4 in Table 13) asked about the student•s perception 
-;.~ .. ~~~-~ .... _____ ~--~--~- .. ·-----~- .. -----. -·00-··---- -- ... _ ........... ___ _._ ......... ""._._.. ... .- ... ..,. 
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about the necessity for required daily homework: "Do you 
feel that an instructor in college should have to assign 
daily homework, some of which must be handed in and graded, 
or should college students take responsibility for their 
own learning?" This question seemed to baffle the majority 
of the students since the question had never come up in this 
section of Mathematics 102~ indeed only 10 of the 24 students 
answered it. Eight voted for the instructor and two for the 
student. It was no contest. The students were used to being 
told what to learn and how to learn it and they were most 
uneasy in being asked to take initiative. One student used 
the expression "forced to learn on our own" and she did not 
think that this was a good idea: 
We shouldn't be forced to learn on our own but [if] 
teachers want to feel that they have tau~ht their stu-
dents something, give them [the students J something 
~o do daily, [in order] to make sure that they will 
J.nterpret. 
In other words, this student felt that teachers don't "teach" 
unless they tell the student exactly what to read and what 
questions tQ answer. 
Another student questioned whether the students were 
mature enough to take initiative for their own learning: 
I think the instructor should assign homework daily, 
because some students need a little motivation. 
Another student interpreted responsibility as doing what the 
teacher assigned: 
The teacher give [sic] assignments like always and the 
student takes the responsibility of doing it and passing 
it in . 
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In summary, the students rejected the concept of student 
initiative in the comparison section while they slightly 
favored the concept in the experimental section. However, 
in both sections, a majority of students failed to answer 
the questions, so that the results were tenuous at best. 
Individual Learning Styles 
The second area of inquiry dealt with how the student 
perceived her own "best" way of learning. A short-answer 
question was given at the beginning of the semester and a 
follow-up question was asked of both sections at the end of 
the semester. Four Likert-type questions were also given 
both sections at the end of the semester. These are summa-
rized in Table 14 and Table 15. 
The answers to the first question were quite varied, 
but they generally could be classified into one of six cat-
egories as indicated in Table 14. A large plurality for 
both sections thought that learning by means of the tradi-
tional lecture, class discussion, and use of the text was 
the best, most effective way. Again, the students in the 
comparison section were more definite in their choice of the 
combination of lecture, class discussion, and text (47% to 
38%). But the comparison section also had the greater number 
of students who considered that activities and projects would 
be a better way to learn than the usual mix of homework and 
classwork. Also of note was the fact that several students, 
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Table 14 
Learning Styles 
1) How do you learn best--by following a teacher's lecture, 
reading the text, doing the homework problems, becoming 
involved in an activity of interest to you or by some 
other means? Explain. 
Both Sections Beginning of the semester 
Experimental Comparison 
Number of Respondents 
29 32 
Percentages 
Homework, class discussion, test 13.8 12.5 
Homework, reading, tests 17.2 9.4 
Lecture, class discussion, test 37.9 46.9 
Variety of methods 10.3 12.9 
Individual work,_ tutoring 13.8 3.1 
Activities and projects 6.9 15.6 
2) Do you feel that taking tests is the only way an instruc-
tor can find out what you have learned? Should this 
course have had more tests, fewer tests, other activities 
as alternatives to tests ••• in order to maximize 
learning and arrive at a grade? 
Both Sections End of the semester 
Tests Only other Can't Say No Answer Total 
Experimental 5 18 1 6 30 
Comparison 9 1 3 9 22 
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Table 15 
Student Attitudes Toward the Best Way to Learn 
Both Sections End of the Semester 
Strongly 
Agree 
Strongly 
Agree Undecided Disagree Disagree Total 
1) The best way to learn and to retain what I learn over a 
long period of time is to follow a textbook two or three 
pages a day, work all the exercises and memorize the 
rules and the formulas. 
Experimental 
Comparison 
2 ) I learn 
of time 
tell me 
Experimental 
Comparison 
best 
if I 
to. 
9 
4 
6 
4 
9 
11 
and retain 
study what 
16 
8 
4 
2 
6 
4 
2 
3 
30 
24 
what I learn over a long period 
the teacher and the textbook 
5 
5 
2 
5 
1 
2 
30 
24 
3) I learn best and retain what I learn over a long period 
of time if I study what would be useful to me and in 
what I am interested. 
Experimental 
Comparison 
13 
5 
4) I learn best and 
own learning. 
Experimental 7 
Comparison 5 
13 
11 
learn 
11 
12 
more 
3 
3 
if 
10 
5 
I take 
1 
4 
0 
1 
initiative 
1 1 
1 1 
for 
30 
24 
my 
30 
24 
Table 15 (continued) 
Strongly Agree (SA)--1 pt. 
Agree (A)--2 pts. 
Undecided (U)--3 pts. 
Disagree (D)--4 pts. 
Sunrrnary 
Scoring 
Strongly Disagree (SD)--5 pts. 
Question 
1 
2 
3 
4 
Means 
Experimental 
2.17 
2.20 
1.73 
2.27 
Comparison 
2.29 
2.71 
2.38 
2.21 
Frequency Distributions--Percentages 
Question Experimental Comparison 
SA or A D or SD SA or A D 
1 60.0 26.7 62.5 
2 73.3 10.0 50.0 
3 86.7 3.3 66.7 
4 60.0 6.7 70.8 
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or SD 
29.2 
29.1 
20.9 
8.3 
-;.-"-~---.·--·-- .... ~----- ··~-··""' -----.. --•-•···---- -· --·--~ ... ---~--·· .. ~-.or····'""·-""' 
227 
five in all, indicated their preference for an individualized 
approach to the learning of mathematics. 
A fairly clear result emerged from the second question. 
The students who were exposed to alternative activities such 
as outside reading and investigations saw that an assessment 
of the quality of their work can be made in ways other than 
giving and taking tests, while those students in the compar-
ison section, whose grades were determined by tests and 
homework (including a narrowly contrived outside project), 
were not aware of alternative ways of determining a grade. 
Some of the comments which the students made indicated a 
continued uncertainty about the alternatives to tests. 
Samples from four students are given: 
I personally feel that taking exams puts a person 
under strain~ if one thing doesn't work, then [another 
attempt] is wrong, so most of the time I get tense when 
I can't start a problem off. But exams are necessary. 
(Experimental) 
I don't feel that test taking is the only way that an 
instructor can tell a student's progress. A lot of 
times a student cannot really put on a test what he or 
she has really learned. (Experimental) 
I think we should have had more quizzes in order to let 
you know how much we knew and then we could have spent 
a little more time on the math we didn't understand. 
(Comparison) 
I think that we should have more tests because then 
the student gets to see exactly what she knows or 
doesn't know. Also if a test is given once a month, 
then the student can take it upon herself to prepare. 
(Comparison) 
The first two students quoted above (from the experi-
mental class) grasped my suggestion early in the semester 
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that tests were not a particularly valid way to assess what 
a student knew~ clearly the students quoted above from the 
control section (and these quotations were very representa-
tive) had the impression that a test score somehow repre-
sents quite well the amount that one knows. I had discussed 
the issue of grading with the experimental class but not 
.with the comparison section, and the responses and replies 
indicated that some of the students understood the questions 
I had raised. 
It should first be noted that the. data show considerable 
inconsistency and the responses on the latter two questions 
seem to contradict the point of view that the students 
expressed in the short-answer questions. The students in 
the experimental class very strongly agreed with statement 3 
about learning best when studying what would be of interest 
to them. 
When the process was stated in fairly theoretical terms, 
such as statements 3 and 4, the students found the idea of 
"taking initiative for their own learning" appealing to them. 
But the majority of students also felt that they learned 
best when studying the textbook and following the directions 
of the teacher. The students found it easy to agree with 
this statement involving a specific process. I would guess 
that if the specifics of what is meant by "useful to me and 
in what I am interested" were spelled out in detail, the stu-
dents might not agree so overwhelmingly with statement 3 • 
. ·------ ... ~-----·-~----··-'" --~--··~----
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It is interesting to note that the largest difference 
between the means of the two groups occurred with statement 3, 
so perhaps the theoretical idea of "student-directed learn-
ing" filtered through to the experimental group. 
All of the evidence gathered--the answers to these 
questions and the remarks made in student notebooks and in 
conversation during the semester--indicated that·a few stu-
dents understood and developed some entuusiasm for student-
directed learning, but most still favored the traditional 
approach to teaching as the "best" way to learn. 
Comparisons of Experiences in Math 101 
with Experiences in Math 102 
A final set of questions given at the end of the semester 
asked the students to compare their experiences and the topics 
covered in the traditionally taught Math 101 with the exper-
iences and topics covered in Math 102. Again the results 
were quite mixed. Some indicated that they worked harder in 
Math 101, since homework was not required in the experimental 
section of Math 102. Others indicated that they worked harder 
in Math 102 since the total requirements of doing investiga-
tions, learning specific material for success on topic tests, 
and doing reading reports and computer programs required more 
work than did Math 101. The majority of the students in both 
sections found the topics to be of more interest in Math 102, 
although several questioned how much the investigations 
really corresponded to solving the kinds of real-life problems 
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they would be facing. As with the other short-answer ques-
tions, the answers tended to cluster in several overlapping 
categories. A summary of the results of these three ques-
tions is given in Table 16. 
Those who answered 11 no 11 in Question 1 (Table 16) gave 
two different reasons. Some found the concepts presented in 
Math 102 more difficult than the fairly traditional topics 
(graphing, algebra, consumer mathematics) of Math 101. 
Others found the process of working the investigations and 
doing the other required work more confusing and frustrating. 
Most students did not answer the entire question, but answered 
only the first part. 
Those who answered 11 yes 11 focused more on the issue of 
solving a real-life problem, although several simply 
reflected on learning more material. Here is a representa-
tive set of responses: 
Yes, I have learned more in this class than Math 101, 
mainly because I have had the chance to look over out-
side material and I also enjoyed learning about the mean, 
median, mode and standard deviation, mainly because 
this will help me in the future. 
Yes, I feel that I have learned a great deal more, due 
to the fact that the survey helped me a lot. 
I feel that I have learned more because I learned new 
ways of solving problems. 
I learned more, but it doesn't help in everyday life. 
The second question, which was given to the experimental 
group, queried the students as to which class required the 
greater amount of work--Math 101 with the usual daily homework 
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Table 16 
Comparisons of Experiences in Math 101 
with Experiences in Math 102 
1) Do you feel you learned more in this class [Math 102--
Experimental section] than in Math 101 about how to use 
mathematics in solving a real-life problem? If so, why? 
If not, why not? 
Experimental End of the Semester 
Yes Same No No Answer Total 
12 8 2 8 30 
2) Do you feel that you worked harder in this class than 
in Math 101? Why? 
Experimental End of the Semester 
Yes Same No No Answer Total 
10 3 9 8 30 
3) Do you feel that the mathematics you have learned in 
this class--graphing, minimum-maximum problems, computers 
and writing your own programs, and statistics--will be 
useful in you in daily living and in later courses you 
will be taking? Explain. If not, what topics would be 
more useful? 
Comparison End of the Semester 
Yes Same No No Answer Total 
10 2 6 6 22 
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and periodic tests or Math 102 with no required daily home-
work, but instead investigations, topic tests, and other 
assignments. As with the other questions, the results were 
mixed. (See Table 16.) 
Most students answered either "yes" or "no" without 
further explanation. Some of the comments were as follows: 
I feel that I worked harder in this class than in 
Math 101 because the material is harder, and in order 
to keep up, I studied harder and tried to do my best in 
class and on tests. 
Yes, and I feel that I have done extremely better in 
this math class due to my own personal interest. 
No, because I don't like the class doing different 
things because it is harder for me to understand. 
No, because I worked harder in 101 due to the fact that 
homework was due on certain days and I knew I had to 
work and do it to pass. 
These few comments indicated that the experimental class 
was no different from other classes in the reasons students 
work~ some work hard when given external pressure to do so 
and others work hard because of interest. 
The third question, given to the comparison group, asked 
which class, Math 101 or Math 102, dealt with topics of 
greater usefulness. A slight plurality indicated that the 
topics in Math 102 seemed to be more useful, although most 
gave no specifics in support of their answers. One student 
expressed the feeling that the topics of statistics, com-
puter. programming, and graphing would be useful if she were 
majoring in mathematics, but since she was not a mathematics 
major, it followed that the topics would not be useful. 
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This observation would surprise mathematicians who tend to 
consider statistics and computer programming as applied. 
The complete results are given in Table 16 for statement 3. 
Preference of Alternative Activities or Homework 
One of the main reasons for attempting a curriculum 
based on a real-problem-solving strategy was to find a mean-
ingful alternative to the traditional approach in order to 
generate interest, increase motivation, and alleviate boredom 
in the classroom. The final question asked of the exper-
imental class was intended to assess how successfully that 
goal had been accomplished. As before, there was no clear 
consensus. The question and results are given in Table 17. 
Most students gave only yes or no answers. Among the 
explanations were the following: 
No. I really would do homework. 
No, but (the activity] was worthwhile. 
In many cases I preferred the alternative activities 
to homework, but when something was very difficult, I 
wished that it had been gone over in class. 
In summary it would be fair to say that, while many of 
the students liked some activity, they generally preferred 
the basic framework featuring the traditional approach. Any 
attempts to change the process of instruction must be under-
taken cautiously. The instructor must discuss the reasons 
for changes in instructional methods and must convince the 
students of the value and importance of students developing 
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Table 17 
Preference of Alternative Activities or Homework 
Experimental Section End of the Semester 
Did you prefer the alternative activities of doing homework? 
Explain. 
Yes No About the Same No Answer Total 
11 9 2 8 30 
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their ability to take some responsibility for their own 
learning. The students need to come to understand the 
intentions of the teacher and to see the advantages of the 
activity-oriented approach. Despite the many student com-
plaints about boring classes, changing the method of learning 
or the topics covered does not necessarily bring any sense 
of excitement into learning unless the students share a 
desire for new approaches to learning and teaching. 
Conclusion 
Looking at these various statistical results and stu-
dent responses, we can see that there are some general yet 
definite trends. The students in the experimental class did 
slightly better in the acquisition of mathematical knowledge, 
their attitudes toward mathematics improved considerably 
(but not significantly) more, and they developed greater 
awareness of how to look at and analyze an open-ended, 
situational problem, than did their counterparts in the compar-
ison section. But these gains were modest and the perform-
ances of the students in the experimental class on the 
problem-solving tasks during and at the end of the semester 
left room for considerable improvement. 
The "USMES approach" is guided by several principles 
which are discussed in Chapters I and II. It should be 
noted again here that not all of them were followed completely 
as had been originally intended, particularly the following 
two: 
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When the students find that certain facts and skills 
are necessary for continuing their investigation, they 
learn willingly and quickly in a more directed way to 
acquire these facts and skills. Consequently, the 
students should have available different resources that 
they may use as they recognize the need for them, but 
they should still be left with a wide scope to explore 
their own ideas and methods. (USMES, 1976b, p. 6) 
••. [let the students] make their own mistakes and 
find their way. Offer assistance or point out sources 
of help for specific information (such as the "How to 
Cards") only when the children become frustrated in 
their approach to the problem. Conduct skill sessions 
as necessary. (USMES, 1976b, p. 9) 
In order to alleviate some of the frustration and lack of 
progress the students were having, the instructor turned to 
using the textbook and giving lectures on topics which would 
be of use to the students in completing the investigations. 
This modification was made because the students did not 
apparently have the background and knowledge to carry out 
their investigations. Most students were able to formulate 
the problem for which they sought a solution, but they did 
not have any coherent idea of how to gather or analyze the 
data in a meaningful way (asking questions, making tests, 
computing means, finding frequency distributions, etc.). 
The fact that the instructor felt it necessary to make this 
change is itself a result to be noted here. It must be said, 
then, that the class procedure followed a modified USMES 
approach. 
Despite the frustration and the confusion the students 
felt at the beginning of the investigations, after the 
projects were concluded and the students had reached firm 
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conclusions, they generally expressed that they felt good 
about the experiences. However, with the exception of two 
groups, the quality of the data gathered and the reports 
written was not very high. It would probably have been 
helpful for the entire class to have worked through a short 
investigation with the instructor at the beginning of the 
semester in order to give the students a sense of one possi-
ble way to proceed. This would run the risk of violating 
one of the guidelines of the USMES approach, namely, letting 
the students figure out procedures for themselves, but it 
might also result in higher quality work on the part of the 
students. 
The attempt to foster self-directed learning was not 
successful. There was no evidence to suggest that the stu-
dents made any progress in this regard. Expecting students 
who came from the usual teacher-directed background in high 
school to become "self-directed learners" in one isolated 
freshman course was unrealistic. While some of the students 
indicated that theoretically they wanted to have a choice in 
topics and learning procedures, the majority continued to 
feel that the teacher should make the final determination of 
the topics and should decide what should be learned. The 
number of students responding to these questions was often 
less than half, so no conclusive finding can be stated. 
At best, it can be reported that the students in the exper-
imental class were exposed to the possibility of their taking 
more initiative for their own learning • 
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Mathematical topics were taught by the lecture-discussion 
method with assigned homework in the traditional class 
throughout the semester, while a few of the topics used by 
all students in the experimental class were also taught by 
the lecture-discussion method with no required homework. 
Students in the experimental class were given a choice of 
which topics they wanted to work on, but they were required 
to take tests on four topics. The experimental group showed 
a greater increase from pretest to posttest scores when com-
pared to the comparison group, but whether this was due to 
their being able to choose the "easiest topics" (for a par-
ticular student) or due to their being able to choose the 
"most interesting topic" (for a particular student) is not 
certain. If the latter is true, then doing better because 
of increased interest becomes a positive effect of the 
course. 
The results of the problem-solving situational tests 
showed that the experimental group developed better problem-
solving techniques in a "real-life, best-buy" situation--
significant at the 10% but not at the 5% level. However, at 
the end of an entire semester during which real-problem 
solving had been emphasized, the problem-solving abilities 
demonstrated were not very sophisticated. This showed a 
need to try to find more meaningful, perhaps simpler kinds 
of investigations • 
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The experimental group, which had worked with question-
naires in connection with investigations, did better in 
evaluating a questionnaire on a test than the comparison 
section, which had only worked with questionnaires theoreti-
cally as part of a homework assignment. 
Data from the Aiken Attitudinal Inventory showed that 
both groups made gains in attitudes toward mathematics and 
the gains in the experimental class were more (but not sig-
nificantly more) than the gains in the comparison section. 
Student answers to other questions indicated that the stu-
dents in the experimental class were fairly evenly divided 
concerning whether or not they preferred the use of investi-
gations as a focus in a mathematics class. Several of the 
students strongly wanted to return to the usual approach~ 
they felt threatened and confused by the USMES approach. In 
contrast, several others expressed positive feelings about 
the investigations and a sense of satisfaction in success-
fully reaching conclusions to their inquiries. Finally, a 
majority of students in the experimental class felt that they 
worked harder and learned more than they had in the previous 
semester of mathematics. 
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CHAPTER V 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
This chapter consists of four sections: (1) a review 
of the problem, (2) responses to the guiding questions, 
(3) some comments concerning the methodology used to carry 
out the research and concerning the interpretation of the 
results, and (4) some observations and recommendations for 
the use of the USMES approach in the college liberal arts 
mathematics course. The argument is made that the results 
of the experiment discussed here support the proposition 
that the real-problem-solving approach can be used as part 
of a general education college mathematics course to give 
the students relevant, integrative, and enjoyable experiences 
in the use of mathematics to solve problems. However, cer-
tain modifications may need to be made depending on the 
instructor, goals of the course, and the students in the 
class. 
Review of the Problem 
Based upon a review of the literature, the 1971 report 
of the Committee on the Undergraduate Program in Mathematics, 
and the personal experiences of a number of instructors 
(including myself), the general education college mathematics 
course in the late 1970's could be described as mechanistic, 
skill oriented, and consisting of a collection of isolated 
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topics. The content of the course had changed little during 
the 1970's and contained mainly mathematically oriented 
topics, a few applied topics, and some skill-building topics 
(review of arithmetic). The students came to the course 
with generally poor backgrounds, rather negative attitudes 
about mathematics, and previous experiences of being told 
what to learn by the teacher~ they left with a somewhat 
better knowledge of isolated skills but "with very little 
conceptual basis of understanding of mathematics" (Fitz-
gerald, 1975, p. 41) and very little ability to apply 
the mathematics they learned to the solving of problems 
which involve decisions of importance to the students. 
Curriculum planners and educators list several goals 
for the teaching of mathematics: develop informed, thinking 
citizens~ provide the necessary background in skills and 
knowledge needed for making the informed decisions~ and help 
the students develop problem-solving skills. The National 
Council of Teacher of Mathematics' Agenda for Action (1980), 
currently the most definitive statement on priorities in 
mathematics teaching (except for the mathematics major), 
recommended that mathematics courses should give students 
experience in posing questions, defining goals and strat-
egies, trying out alternative approaches, reaching conclusions, 
and checking the solutions to see if the results do indeed 
solve the question or provide an optimal resolution of the 
problem. To complicate the task of the teacher, she or he 
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is expected to teach the basic skills. In addition, recent 
research has lead to suggestions that teachers also become 
adept at teaching heuristics (Schoenfeld, 1980a~ Suydam, 
1980) and in providing classroom environments for practicing 
problem solving. Teachers of the general education course 
have been trained in a mathematics graduate program where 
specialization, not breadth, was desirable and the mathematics 
was taught in an abstract, deductive manner~ these instructors 
are not prepared for alternative methods of teaching by such 
graduate school training. 
The Unified Sciences andMathematics for Elementary 
Schools program (USMES) has provided a curriculum, a rich 
source of teaching materials, and a guiding philosophy 
featuring real-problem solving and inquiry as a framework 
for the acquisition of mathematical and problem-solving 
skills. Although specifically intended for grades 1 through 
8, it has the potential of being adapted to other situations, 
particularly the general education courses in which partie-
ular topics need not be taught for specific vocations, 
careers, or majors. A summary of the assumptions upon which 
USMES was developed was given by Davidman (1976): 
1. the present and future conditions in our increas-
ingly complex democracy make it necessary for ele-
mentary and junior high students to learn scientific 
methods of reasoning and problem solving~ 
2. such learning is best accomplished at the elemen-
tary and junior high school levels, when students 
confront local problems which are simultaneously 
real, manageable, relevant, and thus practical for 
the students in question~ 
3. in order to successfully cope with such real com-
munity problems, elementary students, like real 
... - -;;···.....-·...,.---<;"~---:-.··~---- -··----------··· --~---·---·-- - ........ "t. ,.,. ... _;l.£.,.. --~--·-....._. ... -,fl"-· ... ..,~. -
scientists and problem solvers, will need some 
resource tools and, unlike scientists, they will 
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need carefully selected problems and well-organized 
learning environments if the goals of enhanced auton-
omous inquiry and more effective citizenship are to 
be ultimately realized~ 
4. the creation of this type of learning environment 
requires teachers who can easily move along the 
continuum from non-directive to directive teach-
ing. (p. 8) 
In order to develop a college mathematics course based on 
these assumptions, certain problems need to be addressed in 
addition to those involving the instructor. In particular, 
institutional requirements such as grading procedures, col-
lege catalog descriptions, and class schedules (three hours 
a week) must be met. 
The real-problem-solving curriculum of USMES was tried 
out in one of two sections of a general education college 
mathematics course while the traditional selection of topics 
and the use of lecture, discussion, and homework characterized 
the other section. The goals of the instructor were to get 
the students interested in some aspects of mathematics, to 
motivate them to search out and learn mathematical skills 
and concepts in the context of solving problems, and to exper-
ience problem solving and gain confidence in the ability to 
solve real problems. The rationale of this approach came 
from considering how many people solve everyday problems 
outside of the classroom and applying a mode of self-learning 
to the classroom: 
••• how do we, as individuals, learn something which 
we are not required to learn? I suggest that we, our-
selves, gladly and energetically spend time and effort 
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in study and research when we are • • • interested in 
solving a real problem of importance to us, a problem 
whose solution will lead to an improvement in the qual-
ity of our lives. When we have a repair problem in 
our house or car, and ••• we endeavor to find out how 
to solve the problem ourselves--we read manuals, learn 
about the fundamentals pertinent to proper functioning, 
consult knowledgeable friends, and experiment with 
various potential solutions. Thus we combine deductive 
and inductive reasoning in arriving at our conclusions. 
In short, when we have a problem of real interest to us 
to solve, then we are motivated to learn the fundamental 
underlying skills which we will need to know in order 
to solve the problem. (Treadway, 1981, pp. 3-4) 
Response to the Guiding Questions 
This study specifically addressed eight guiding ques-
tions given in Chapter I. 
l. What happens in the classroom where the real-problem-
solving approach is being used? 
Chapter III gives a fairly detailed report of what hap-
pened in one classroom on one occasion. Both the instructor 
and the students had some "rough" times, particularly in the 
early stages. The instructor had to make out a course out-
line and a grading scheme which would satisfy the college 
requirements and follow the general description of the course 
in the college catalog. The students felt uncomfortable 
working in this new approach. Since they were accustomed to 
the teacher-directed approach of their high school mathemat-
ics, they were not always certain what they "were supposed 
to do" for a grade, they found it difficult to select and 
properly define the problem they wished to pursue, and they 
had some difficulty working with others in groups. The 
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instructor found it necessary to deviate somewhat from the 
guiding principle of USMES and "teach" the entire class some 
underlying mathematical skills and strategies for collecting 
and analyzing data. Eventually, all groups completed the 
investigations satisfactorily with varying degrees of compe-
tence. 
2. What changes in attitudes take place during a 
semester course? 
An analysis of changes in attitude toward mathematics 
was made by giving both classes the Aiken Attitude Test at 
the beginning and at the end of the semester and by asking 
the students to write about previous experiences leading to 
a like or dislike of mathematics. Both classes showed 
improved attitudes toward mathematics. The increase in scores 
from the pretest to the posttest was slightly greater for 
the experimental class than for the comparison class. It 
was not clear how much, if any, of the special activities 
and procedures were responsible for these changes in atti-
tudes. 
A number of writers (Brevitt, 1975~ Mitchell, 1974~ 
Stein, 1973) have emphasized the role of a committed instruc-
tor. Brevitt claimed that the instructor, more than any 
particular method of teaching, contributes to attitude 
changes: 
Attitudinal change, I still believe, is a function of 
the instructor and of his [or her] rapport to the class, 
of his [or her] interest in his [or her] material, and 
of his [or her] abilities as a teacher. The significance 
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of experimental data [the Aiken Attitudinal Scale] 
is in its replication. I don't believe an unsympa-
thetic instructor, given all other variables constant, 
will duplicate the findings here. (1975, pp. 68-69) 
The students in the experimental class met with me outside 
of class in small groups or individually. They knew I was 
willing to take extra time to help them work through the 
somewhat unusual experiences of the course, and they were 
aware that I had asked for their opinions about the grading 
procedure. They were also given choices on the topics they 
were to study. In both classes I tried to show enthusiasm 
for mathematics and to convey to the students its importance 
in making decisions. This involvement with the students as 
collaborator, inherent in the USMES approach, may well 
increase the interest and attitudes of students toward any 
subject. 
3. What changes in the ability of students to take 
responsibility for their own learning takes place? 
The results here were inconclusive partly because there 
were no specific attempts made to measure this attribute and 
partly because it would be necessary to observe the students 
in academic work in a succeeding semester. There was no 
observable change in their responses to the questionnaires, 
and at the end of the semester the students did not indicate 
any desire to take specific responsibility for their own 
learning. Indeed, in responding to a question about 11 taking 
responsibility for one's own learning 11 expressed in theoret-
ical terms, a plurality of the students indicated support of 
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the idea. However, when the students were asked to examine 
the specifics of how the course should be taught so that 
they would be given greater responsibility, the students 
indicated a preference for the teacher's choosing the topics 
and specifying the pages in the textbook to be read each 
class period. This was a clear contradiction. 
When asked about who should choose the topics to be 
, 
studied, a slight plurality (not all students expressed an 
opinion) of the students in the experimental class preferred 
that the teacher choose the topic, while a slight plurality 
of the students in the comparison section preferred that stu-
dents choose what topics were covered and what assignments 
were required. Apparently students who have worked hard or 
struggled during a semester speculate that another method of 
teaching will be more successful and preferable for them. 
4. What mathematical ideas and skills do the students 
learn? 
Based on the results of the final examination, most stu-
dents learned introductory skills in statistics, solving 
linear equations, graphing (points, lines, setting up linear 
equations when given points on a line), and probability. 
Some of the students, depending on individual preferences, 
learned about measurement (perimeter, area, and volume) and 
inequalities. It was difficult to assess those skills which 
were not measured by a classroom test, such as the ability 
to interpret data, determine a random sample or understand 
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what a random sample is and why it is used, and to make 
inferences from the data gathered. The students were all 
exposed to these tasks~ it was not clear whether they could 
use the skills again in a similar situation. 
One of the expectations of the USMES program is that 
students, when faced with the need for certain skills to 
finish a problem, will study and learn those skills. There 
was no evidence that this took place. This process may work 
well in fairly routine problems such as fixing a malfunction-
ing object, but it probably won't work so well with the more 
ill-defined problems. As James Greeno (1980) pointed out: 
If a student has learned whatever knowledge is required 
for solving a problem, then the student can't get credit 
for problem solving, because the student is merely 
applying the knowledge that (s)he has been taught. Of 
course, if a student lacks the knowledge needed to 
solve a problem, the student won't be able to solve it. 
On this analysis students are bound to be poor problem 
solvers, because the only way they can be good problem-
solvers is by doing things they haven't learned to do. 
(p. 12) 
5. What are the unanticipated outcomes--both negative 
and positive--resulting from the use of the materials? 
Three unanticipated outcomes and difficulties will be 
discussed: first, the problems of group ~nteraction~ second, 
the difficulty of introducing the challenges~ and third, the 
the use of only one kind of problem-solving approach. 
Group interaction. The strategy of having students work 
in groups of five to seven persons seemed to be a reasonable 
strategy at the beginning of the semester. If each individual 
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had worked separately, the instructor would have had diffi-
culty in monitoring the progress of each student. While 
there would be little time for the instructor to help each 
individual working independently in a class of 30, grouping 
the students would allow greater assistance by the instruc-
tor, sharing of tasks among the members of a group, and pool-
ing of ideas, effort, and know-how. 
However, in practice the outcome turned out somewhat 
differently. The students generally chose to be involved in 
a group based on a theme, not on the basis of compatibility 
among themselves. Since the students were trying to figure 
out what should be done, how to do it, and who should take 
responsibility for a particular part of the investigation, 
a need for leadership emerged, particularly in the larger 
groups (more than three persons). A leader was needed to 
coordinate activities and to make sure that tasks were com-
pleted, yet the members of the group needed to feel that they 
had some say in what their roles were and what went on. 
Some of the students did not always agree on leadership and 
were frequently concerned about other students in the group 
who 11 Weren't doing their share of the work. 11 
The instructor became involved in suggesting restructur-
ing and other ways to work out the differences within the 
groups, in some cases splitting the larger groups. This 
involvement in the interpersonal relationships required the 
unexpected nonmathematical skill of consulting with individuals, 
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concern for the students, and a corranitment to the process 
of group investigation. Experiences in working out differ-
ences in a mature way and of cooperating with each other 
rather than competing were unexpected but valuable outcomes 
for the students. 
Presenting the challenge. A second unexpected outcome 
was that the process of presenting the challenge to the stu-
dents turned out to be quite a challenge for the instructor, 
as he tried to guide the students in finding a real problem 
of sufficient interest which used mathematical skills for 
its solution. The USMES Guide {1976b) suggested that the 
teacher choose the problem: "Introduce the challenge in a 
meaningful way that not only allows the [students] to relate 
it to their particular situation but also opens up various 
avenues of approach" (p. 9). The students then are expected 
to reformulate the challenge in their own terms. But this 
procedure puts the emphasis on the teacher's deciding rather 
than letting the students make that decision. Following the 
USMES approach seemed inconsistent with the goal of getting 
the students to consider the problems of interest to them-
selves. 
The topic "Consumer Research·' 11 based on the ideas pre-
sented in the USMES teacher resource book Consumer Research 
(1976a) was originally introduced merely as a suggestion 
for the students to consider, inasmuch as the question "what 
is the best buy?" seemed to be one to which all the students 
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could relate. Several groups followed through with this 
idea, but it was not cl~ar how vital the students found this 
topic. Some authors have suggested that students at this 
age level aren't interested in·"real-world 11 applications. 
The problems in which the students are truly interested--
problems which occur in the dormitory (how to control noise, 
what are reasona~le curfew regulations, how to improve the 
living conditions), boy or girl friends, or plans for Friday 
night--may not be amenable to quantitative solutions or 
involve the listed topics of the course, no matter how broad 
that list might be. It is a reasonable expectation that a 
course called Mathematics 102 deals with mathematics. Hence, 
a certain amount of artificiality in the choice of the prob-
lems to be investigated must be accepted. 
One kind of approach. The third unexpected outcome was 
the fact that only one problem-solving process was used by 
the students, namely that of using statistical analysis 
including questionnaires and finding out the opinions of a 
sample of persons. The students did not use other methods 
to solve real problems, e.g., best-fit equations or minimum-
maximum analysis. But how would the students know about 
these possible methods of solution unless they already had 
some experiences with these methods? This brings us again 
to the comments of Greeno above. A way must be found to 
incorporate a variety of problem-solving approaches, other 
than a statistical analysis. 
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6. What experiences, insights, frustrations and feel-
ings of accomplishments does the teacher have in working with 
students in this kind of classroom situation? 
Chapter III details the experiences of the instructor 
in trying to adapt to this "different" style of teaching. 
The personal conflicts between the accustomed teacher-directed 
teaching and the philosophically preferred student-directed 
teaching, particularly with regard to grading procedures and 
making out the course outline, are discussed there. My own 
uncertainty of when to give them specific instruction and 
direction plagued me throughout the course. The difficulties 
I had in changing teaching styles, from focusing on what I 
was doing to what was happening in class, paralleled the 
difficulties previously outlined by Malcolm Knowles. Knowles 
(1975) noted the difficulties an instructor wlll have, sim-
ilar to my own, but he found that in time an instructor can 
be successful in developing self-directed learning in the 
classroom: 
When I started encouraging students to be self-directed 
learners, I initially assumed that they would change 
but I would perform the same. The only difference would 
be that they would take more responsibility for making 
use of my transmission, ••• I had a couple of early 
shocks as a result of this assumption. The first was 
when I discovered that my students didn't want to be 
self-directed learners~ they wanted me to teach them. 
Then when I got them over that hurdle • • • they really 
got turned on about being self-directed learners and 
forced me ·t:o change my role. (p. 33) 
In regard to this change of role, Davidman (1976) 
observed that USMES assumed that teachers in the program 
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would be able (or would be trained through workshops) to 
11 easily move along the continuum from non-directive to direc-
tive teaching" (1976, p. 8). It will probably be the rare 
mathematics teacher who can do this well, but a committed 
attempt during one semester will make it easier to change 
styles of teaching as is required during a succeeding semes-
ter. 
A sense of accomplishment was derived from the enthusiasm 
expressed by approximately 10 of the students after they had 
completed their investigations. 
7. Can a method of teaching based on a commitment to 
individualized instruction apd the development of the auton-
omy of the learner be devised, which at the same time is 
effective in meeting the various goals of a good mathematics 
course? 
The evidence provided by this course is not sufficient 
to answer this question. The experiences of the students in 
the experimental class fell short of providing a working 
example. Such a course needs to be improved and tried again 
for it contains the possibility of providing experiences 
designed to lead to self-directed learning and mathematics 
learning at the same time. 
8. Can college students who have been through 12 years 
of traditional teaching change to a new system of learning? 
The class schedule of two or three 50-minute meetings a week 
is considerably different from the schedule in the elementary 
·-· --~--- ·~-·---..,.._._.-·----···.;-.•• ..... , -
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schools~ how will this affect instruction? Will materials 
appropriate for college students need to be substituted for 
USMES materials, and if so, how can this be done? 
It has been observed that college students had diffi-
culty adapting to the new system of learning and indeed most 
of them were not able to do so effectively. It is unrealis-
tic to expect that an uninitiated student can be thrust into 
an unstructured learning situation and be expected to func-
tion productively right away. 
The investigations were considered as semester-long 
projects and were treated differently from those in an ele-
mentary USMES classroom. Much of the work was done outside 
of regular class time. There was no disruption of the class 
or by the investigations due to the scheduling of the class. 
The lack of appropriate nontext materials was a problem. 
The attempt to supply teacher-made 11 resource sheets 11 as sub-
stitute material was not particularly successful. The use 
of the 11 How To 11 cards and the 11 How To 11 booklets in the USMES 
program is a key to the student's being able to explore needed 
mathematical skills or problem-solving techniques as needed. 
The 11 resource sheets, 11 which were handed out to the students 
in the experimental class and which were intended to serve 
the same function as the 11 How To 11 cards, turned out not to be 
very useful because they were dittoed {not attractive), dif-
ficult to read because of formal, mathematical style, and 
not requested often by the students. The "How To 11 booklets, 
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written for junior high students, were designed to be of 
interest to students of that age level, with cartoons and 
attractive diagrams. I was reluctant to use these for fear 
of "insulting the intelligence" of the college students--
although the subject matter was suitable. Some students did 
use a few of them, found them helpful, and did not express 
any feelings that they were too childish. There is a need, 
then, to create attractive, easy-to-read booklets for the 
college student--booklets which can be used in the same way 
as the "How To" booklet. 
Comments about Research Methodology 
In order to put the findings into proper perspective, 
three observations concerning research procedures and inter-
pretation of test results are in order. First, the use of 
standardized tests and teacher-made tests presents methodolog-
ical problems. As George Stalker (1978) pointed out in dis-
cussing his research on USMES classrooms: 
First, the scores of all students, whether or not they 
receive USMES training, are constantly changing as stu-
dents grow. Thus, testing students "before and after" 
they receive USMES "treatment" is not, by and large, a 
useful method. Second, there are sufficiently many 
variables (such as teacher, school grades, "tracking, .. 
etc.) which have a dramatic effect on standardized 
test scores, that also directly affect the administration 
of the USMES curriculum, that even the grossest effects 
of basic skill instruction through USMES may be obscured. 
(p. 24) 
Although in the comparison of the two methods in the inves-
tigation at hand, the instructor, the previous mathematics 
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backgrounds, and the grade levels of the students were all 
roughly the same, nevertheless, the claims here must be 
modest. The combination of direct teaching skills and 
classroom investigations did not interfere with the acquisi-
tion of quantitative mathematics abilities~ beyond this more 
cannot be claimed. 
Second, the students in the experimental class were aware 
that they were part of a trial of a "new" teaching method. 
Frequently, such knowledge affects the attitudes of the par-
ticipants and may alter the results in general. Campbell 
and Stanley (1963) called this factor "reactive arrangements" 
and they commented that: 
• • • a most prominent source of unrepresentativeness 
is the patent artificiality and the student's know-
ledge that he ror she] is participating in an exper-
iment. • . • The playacting, outguessing, up-for-
inspection, I'm-a-guinea-pig, or whatever attitudes 
so generated are unrepresentative of the school setting 
and seem to be qualifiers of the effect of [the treat-
ment], seriously hampering generalization. (p. 20) 
It is recognized, then, that if the students were aware that 
they were part of an experiment with unaccustomed attitudinal 
tests and questionnaires and a decidedly different approach 
in the classroom, this might make some difference in the 
replies on tests and comments in student journals. 
However, the experimental class was neither "patently 
artificial" nor did the students know that they were subjects 
for a research project. Instead, they assumed that these 
questionnaires were merely the instructor's attempt to try 
. ---- -··--··--~~·--a•• ----"--•""'••4-·--
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to do something different, presumably to improve the course 
and to ask for "feedback." This approach in using the 
instructor to carry out the research minimizes the effects 
of the reactive arrangements, according to Campbell and 
Stanley: 
At present, there seem to be two main types of "exper-
imentation" going on within the schools: (1) research 
"imposed" upon the school by an outsider, who has his 
own ax to grind and whose goal is not immediate action 
(change)· by the school~ and (2) the so-called "action 11 
researcher, who tries to get teachers themselves to be 
"experimenters," using that word quite loosely. • • . 
An alternative model is for the ideas for the classroom 
research to originate with teachers and other school 
personnel, with designs to test these ideas worked out 
cooperatively with specialists in research methodology, 
and then for the bulk of the experimentation to be car-
ried out by the idea-producers themselves. The appro-
priate statistical analyses could be done by the 
research methodologists •••• Results should then 
be relevant and "correct. 11 (p. 21) 
In this investigation the idea originated and was carried out 
by the instructor~ hence, reactive arrangements were mini-
mized. 
Third, as has been observed earlier, my role as teacher 
conflicted with my role as researcher. On the one hand, my 
du~l role allowed for detailed descriptions of my personal 
change in attitudes as an instructor trying to adapt to a 
new method of teaching and it allowed for an analysis of the 
problems and difficulties which I faced and tried to resolve. 
On the other hand, the dual role also meant that since I 
would ultimately be determining the grades of the students, 
the student responses to the questionnaires might have been 
somewhat slanted~ the students might have had the tendency 
"';+"""i ~~ ............... --·- -~------u __ .,, .. -----~--·-----
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to answer what they thought I would like to hear. Because 
of my desire not to put the students on the spot, I felt it 
necessary to keep the questionnaires anonymous in order to 
maximize the authenticity of the replies and thereby increase 
the validity of the results of the investigation. Hence, it 
was not possible to see how the attitudes of individuals 
changed and to get some insight as to the differing reactions 
of specific students in terms of academic background, 
expressed interest in a major, SAT and other test scores, 
and other factors. 
Observations and Recommendations 
The observations and recommendations given below are an 
attempt to generalize the results and experiences of the one-
semester attempt to incorporate the real-problem-solving cur-
riculum into the general education college mathematics course. 
Some of the features of the experimental approach can con-
ceivably be used elsewhere and modifications can be made to 
adapt it to teaching situations with differing institutional 
regulations, student bodies, and instructors. 
1. The USMES approach provides a framework and a list 
of guiding principles around which a general education math-
ematics course can be formed, but the implementation will 
need to be modified to meet the needs of the students and the 
instructor. 
Most students in the general education course will need 
to be helped with coping with their first experiences of 
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trying to solve a "real" problem. Knowles (1975) observed 
that ~ of the educational situations where teacher-directed 
learning would most likely be apropos is the encountering of 
a new "situation": 
No doubt there are learning situations in which we are 
indeed dependent (as when approaching an entirely new 
and strange area of inquiry), in which our readiness to 
learn is really determined by our level of maturation 
regarding the area of inquiry, in which we are rightly 
focusing on acc~mulating subject matter, and in which 
we are actually motivated by external pressures •••• 
If self-directed learners recognize that there are 
occasions on which they will need to be taught, they 
will enter into those taught-learning situations in a 
searching, probing frame of mind and will exploit them 
as resources for learning without losing their self-
directedness. (p. 21) 
These observations lead directly to the next recommen-
dation. 
2. The use of a class investigation at the beginning 
of the semester, in which the teacher and the class go through 
the steps of posing the problem, working out a plan, gather-
ing the data, evaluating the data mathematically, coming to 
a conclusion, writing up the conclusion, and checking the 
solution to see how accurate or reasonable it is, will form 
a good model for the students to follow. Later in the semes-
ter the students can undertake solving a problem of their 
own so they can benefit from the "learning by doing 11 and 
"student choice" features of the USMES approach. 
While keeping in mind that the ultimate goal for the 
student (as a senior and beyond) is to become a self-directed 
learner as much as possible, we realize that a period of 
--~-·-·---
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transition is necessary. Most students will need some sort 
of directions as to the process~ there is no evidence that 
floundering without making some progress is a useful educa-
tional experience. Davidrnan (1976) observed that in one of 
the USMES classes he observed, the teacher used an approach 
which might "be viewed as a kind of apprenticeship program 
in real problem solving" (p. 248). Davidrnan continued: 
[The] extreme directive modeling of real problem solv-
ing, although shunned or overlooked by USMES/EDC, is 
not necessarily an educationally deficient alternative. 
To the contrary, I think that such directive modeling 
could be an important ingredient in an overall real 
problem solving curriculum provided that such teaching 
was informed by a teacher/change-agent training curiic-
ulurn which explicitly discussed the strengths, weak-
nesses, limitations, and unknown dimensions, of the 
model. (p. 249 ) 
There is always the danger of problem-solving modeling 
becoming just as teacher-directed as is the usual teaching of 
narrow, unrelated skills. However, modeling can serve as a 
first step, or beginning point, for the students~ they can 
then work on investigations of real problems of their own 
during the latter half of the semester. 
3. The teacher should not feel that he or she is obli-
gated to intervene whenever a student indicates frustration 
in the problem-solving process. However, the students should 
be very clear about the expectations of the course and the 
requirements for a grade. 
Frustration and temporarily being thwarted from finding 
a resolution to a problem are part of the real world and of 
problem solving in general. Davidrnan (1978) observed: 
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II •• because of teacher intervention or noninvolvement with 
the [usMEs] program, the students in five of six USMES classes 
did not confront problems in a manner which allowed for the 
possibility of short-term frustration or failure" (p. 400). 
Frustration needs to be channeled eventually into productive 
learning experiences. Continued or excessive frustration 
and confusion will ·be a detriment to learning and increase 
negative attitudes toward mathematics. 
4. A combination of exploration by the student and 
direction by the teacher will provide the best mixture of 
teaching/learning strategies. A variety of problem-solving 
experiences, not just "real" problem solving, will be enrich-
ing to the student. The teaching of heuristics for the 
closed types of problems should be explored as a stepping 
stone to the ability to solve the more open-ended problems. 
There was not any evidence that problem-solving ability 
is developed simply by trying to solve a problem. Progress, 
practice, success, and insight must take place. This does 
not mean, however, that the ability to solve problems will 
develop in the absence of such experiences. Referring to 
higher level cognitive strategies of problem solving and 
decision making, Loman (n.d.) claimed that: 
• • • not only is the USMES approach directly related 
to such process skills, but it may be the only success-
ful way of acquiring them. (This is not to say that a 
person with sufficient maturity and grasp of these pro-
cesses may not further improve his or her capacity by 
explicit and formal consideration of individual problem-
solving strategies.) (p. 1) 
Recent research has suggested that direct teaching of 
heuristics may be useful in helping students with certain 
kinds of problem solving. 
5. The students should be aware that there are many 
kinds of problems, and the problems can not all be solved 
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with mathematics. Many problems do not have answers or the 
answer can only be expressed in terms of "being optimal" 
and some problems will involve value judgments, not mathemat-
ical results. 
There are a wide variety of problems, as is noted in 
. 
Chapter II, and any development of students' abilities to 
solve problems, whether those taken from a textbook, a puzzle 
or game, the writing of a computer progr~ or the proof of a 
mathematical theorem should be encouraged. Investigations on 
the relationships of vertices, edges, and faces of polyhedra 
can be fascinating to some students~ what is required is that 
the problems help to motivate the learning of mathematical 
concepts which in turn are used in solving problems. Stu-
dents may need to be asked to solve some problems which may 
not be directly of interest to them~ nevertheless, we need 
to keep in mind the ultimate reason for their taking a course 
in mathematics, which should be to enable them to be able to 
solve problems which relate to their own lives. 
Michael Scriven (1980) argued that there are a variety 
of problems, and students need to be aware that not all prob-
lems can be solved by technical means. His typology included 
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three distinct kinds of increasing difficulty: (1) Within 
Paradigm problems such as those encountered in mathematics 
and physics in the classroom or closed real-life problems 
(what is the best buy? etc.)~ (2) New Paradigm problems 
which required a radically new approach or theory (puzzles, 
concept learning, some proofs)~ and (3) Third Kind problems 
which involved new and different cognitive and pedagogical 
difficulties. The distinction which some people make between 
real-problem solving and classroom-problem solving is mislead-
ing, Scriven argued, in that some real-life problems can be 
very routine while some problems which result from discussion 
of mathematical concepts can be very difficult. Scriven 
expressed optimism that progress can be made in helping stu-
dents solve Within Paradigm problems, as indicated by the 
work of Polya, Wickelgren and others, but he had little opti-
mism for being able to "teach" methods of problem solving of 
the "New Paradigm" problems~ a "needed burst of brilliance" 
is required. Problem solving takes on a much different 
texture when dealing with Third Kind problems. Frequently 
there is not a clear solution and these problems require 
taking a stand and using moral or qualitative criteria. 
Evaluation must be an essential part of the solving of prob-
lems. 
Any discussion of problem solving in the classroom should 
point out the many dimensions of problem solving and the many 
types of problems, and it should be realized that what is done 
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in a mathematics classroom deals with only a small part of 
the possibilities. 
6. The teacher needs to work hard at convincing the 
students of. the importance of solving real problems and of 
student-directed learning. 
The students obviously need to understand the rationale 
for the potentially strange approach and different emphasis 
as contrasted to other classes. The enforced use of inquiry 
learning can be just as authoritarian as the enforced use of 
drill and the textbook. The students should understand the 
rationale of new teaching methods and have some enthusiasm 
for participating in their use. 
7. A variety of resource materials needs to be made 
available in lieu of the "How To" Booklets. 
The teacher should review potential resources in the 
college library, in his or her own office, and in a mathematics 
laboratory, and should create suitable resource materials, so 
that when students need to look up mathematics skills or 
concepts which are not covered in the classroom, the possible 
sources of that information will be available to the student. 
This list of resources could include the "How To" booklets 
and should include materials of varying degrees of sophisti-
cation and reading abilities. 
8. Students should be given a choice of working in groups 
or individually. 
Group projects have many advantages, including the shar-
ing of ideas and expertise and reducing the number of projects 
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which the teacher must oversee. The social development of 
students in learning to work with others should not be over-
looked. But, consistent with a democratic atmosphere in 
the classroom, students should not be forced to work in 
groups if they prefer to work individually. 
9. The instructor should not expect to cover all pos-
sible topics and develop a variety of process skills in a 
, 
one or two semester general education mathematics course. 
The teacher needs to be given considerable latitude 
for the approach she or he uses but needs to do an honest 
and caring job of bringing to students a relevant, coherent 
selection of mathematics topics, which are "utilized, or 
tested, and thrown into fresh combinations" (Whitehead, 
1956, p. 13). 
The final recommendation follows from the findings and 
the previous recommendations: 
10. The real-problem-solving approach, with modifications 
depending on the instructor, goals of the course, and the 
students, should be considered as one of several viable 
alternatives to the traditionally taught general education 
mathematics course. 
Of the alternatives, such as the cultural, utilitarian, 
discovery, or historical approaches, the real-problem-solving 
approach will provide relevant, integrative, and enjoyable 
experiences in the use of mathematics and in problem solving. 
It can be used properly in the classroom if the instructor 
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is convinced of its appropriateness and is committed to its 
guiding philosophy. Brevitt's statement is recalled here as 
being particularly apropos: 
If there is a particular selection of material which 
the instructor feels is within the grasp of students at 
this level of maturity and which he feels is important 
to their knowledge, understanding, appreciation, and 
growth, and if he feels strongly enough about such 
material that he is able to present it with enthusiasm 
and conviction, keeping in mind both the material and 
student are worthy of respect and concern, and if the 
instructor is willing to vary his approach from lecture 
to small-group to laboratory until he finds a style or 
combination of styles that serves his purpose best 
• . • then as an instructor he will find these students 
more than willing to respond favorably toward mathemat-
ics. (1975, pp. 56-57) 
Conclusion 
It is clear that the teaching of mathematics, if it is 
to be effective for all students and accomplish its goals, 
is a difficult task. No wonder so many teachers prefer to 
teach in a fairly routine manner covering content in an ord-
inary way. They want to be sure their $tudents have learned 
the fundamental topics needed for further work in mathematics 
and in other courses, and they are comfortable in teaching in 
this way. But we cannot be satisfied. We would like to be 
-
sure that our students can also solve a variety of different 
kinds of problems--word problems, routine mathematical exer-
cises, real-life problems, applications, and even "new para-
digrn" problems. Teachers are caught in the dilemma of needing 
to impart specific knowledge and at the same time wanting to 
let the students work on questions and problems of individual 
interest in order to enhance motivation. Furthermore, they 
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are aware that, of all the disciplines, perhaps mathematics 
is the most structured and sequential in the way its content 
fits together. It is quite difficult to accomplish all of 
these goals. 
To complicate matters, mathematics teachers are now 
being encouraged to focus on problem solving. Many of the 
instructors of mathematics courses learned to solve problems 
by simply lots of practice and by following the examples of 
their teachers. Few instructors have had much experience 
with teaching problem skills or in discussing the heuristics 
of George Polya. Expecting that students will learn to solve 
problems by seeing it done and by following specific algo-
rithms which are taught as part of the content· of the course 
leads to disappointment. This does not develop any ability 
to put knowledge together in new ways~ it does not develop 
flexible and integrative thinking. 
Mathematics teaching must focus on more than just 
teaching. One of the main features could be a major investi-
gation, carried out by students individually or in groups, 
following the real-problem-solving guidelines of the USMES 
program. This would provide an open-ended problem and a 
variety of experiences needed for developing flexible problem-
solving abilities. 
A majority of researchers in problem solving are agreed 
that "extensive and accessible knowledge" (Simon, 1980, p. 82) 
must be present before problem solving can take place. 
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Resnick and Ford (1981) pointed out that improving the 
likelihood of problem solving and invention requires three 
basic ingredients: prior knowledge, task environment, and 
strategy. They wrote: 
We can suggest instructional interventions that might 
improve the functioning of each component in the prob-
lem-solving situation. First, instruction can try to 
ensure the presence of well-structured knowledge and to 
maximize the links to related concepts and procedures. 
This means making sure mathematics instruction is math-
ematically honest, reveals the subject-matter structure, 
and provides the opportunity to practice new procedures 
and concepts in a wide variety of contexts. • • • From 
a purely intuitive standpoint, the more facts, proced-
ures, and relations that characterize a person's know-
l~dge structure, the more likely that the person is to 
invent or discover needed connections. (p. 234) 
This implies that the teachers will continue to emphasize 
facts and procedures, skills and concepts, but that non-
routine and interesting problems must be part of every 
course. 
Developing and successfully implementing such a course 
as that considered in this study and recommended above will 
not be easy. It will take time and effort to develop a 
variety of activities, resources, and the ability to challenge, 
students to solve real-life problems. But the rewards for 
the teacher and the student should be worth the effort: 
developrnem t of reasoning ability, ability to think for one 1 s 
self, a better understanding of mathematics, and an ability 
to use mathematics in situations of concern to the student. 
In conclusion, a quotation from Morris Kline (1975) is 
appropriate: 
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Teaching constructively ••• is by no means easy. 
But there is no royal road. To enjoy the view from a 
mountaintop one must get to the top. In mathematics 
there is no easy chairlift. The cable in young people's 
minds breaks down. But in the skillful employment of 
the process of discovery lies the true art of teaching. 
In this approach we arouse and develop the creative 
powers of the student and give him [or her] the delight 
of accomplishment. (p. 156) 
270 
BIBLIOGRAPHY 
Adler, H. L. (1965). Mathematics for liberal arts students. 
American Mathematical Monthly, 72, 60-65. 
Aichelle, D. (1971). Does a terminal mathematics course 
contribute to change in attitudes toward mathematics? 
Journal for Research in Mathematics, £, 197-205. 
Aiken, L. R. 
ematics. 
(1972). Research on attitudes toward math-
Arithmetic Teacher, ~, 229-234. 
Aiken, L. R., & Dreger, R. (1961). 
and performance in mathematics. 
Psychology, 52, 19-24. 
The effects on attitudes 
Journal of Educational 
Allen, A. D. (1975). The determination of a set of charac-
teristics of effective instruction in college mathemat-
ics (Doctoral dissertation, George Peabody College for 
Teachers, 1974). Dissertation Abstracts International, 
~, 7781. (University Microfilms No. DCJ75-12433) 
Arbetter, c., and others. (1978). USMES student study: 
Effects of USMES on student problem-solving abilities 
and attitudes. Newton, MA: Education Development 
Center. (ERIC Document Reproduction Service No. ED 164 
356) 
Baker, H. (1980). The relative effectiveness of two indi-
vidualized instruction approaches on student achievement 
in college general mathematics (Doctoral dissertation, 
University of Virginia, 1979). Dissertation Abstracts 
International, 40A, 4843. (University Microfilms 
No. 7928014) ---
Baldwin, J. (1977). The interaction of field dependence 
and field independence with method of instruction in 
mathematics (Doctoral dissertation, Hofstra University 
1977). Dissertation Abstracts International, 38A, 
1271-1272. (University Microfilms No. DCJ77-18896) 
Begle, E. G. (1979). Critical variables in mathematics 
education. Washington, DC: Mathematics Association of 
America. 
Bennett College catalog (1978-1981). (1978). The Belle 
Ringer, ~, 1-122. 
271 
Billie, A. (1976). Innovation in college mathematics: 
A descriptive analysis of the freshman program at 
Fayetteville State University (Doctoral dissertation, 
University of Pittsburgh, 1976). Dissertation Abstracts 
International, 37A, 1441-1442. (University Microfilms 
No. DCJ76-19902) 
Bleyer, D. (1978). An assessment of attitudes of students 
toward mathematics and an investigation of the relation-
ship of the attitudes to learning in selected required 
mathematics courses in a state university, a community 
college, and a technical institute (Doctoral disserta-
tion, Southern Illinois University at Carbondale, 1977). 
Dissertation Abstracts International, 38A, 5972-73. 
(University Microfilms No. DDK78-05247r--
Branca, N. (1980). Problem solving as a goal, process and 
basic skill. Ins. Krulik & R. Reys (Eds.), Problem 
solving in school mathematics: 1980 yearbook (pp. 3-8). 
Reston, VA: National Council of Teachers of Mathematics. 
Brevitt, J. H. (1976). The relative contributions of four 
different syllabi in college level general mathematics 
to quantitative thinking ability (Doctoral dissertation, 
George Peabody College for Teachers, 1975). Dissertation 
Abstracts International, 36B, 3995. (University Micro-
films No. DCJ76-03712) ---
Broudy, H. S. (1982). What knowledge is of most worth? 
Educational LeadershiQ, 39, 574-78. 
Bruner, J. s. (1967). ~oward a theory of instruction. 
Cambridge, MA: Harvard University Press. 
Cambridge Conference on the Correlation of Science and Math-
ematics in the Schools. (1969). Goals for the corre-
lation of elementary science and mathematics. New York: 
Houghton Mifflin Co. 
Campbell, D. M. (1976). The whole craft of number. Boston: 
Prindle, Weber & Schmidt. 
Campbell, D. T., & Stanley, J. (1963). Experimental and 
quasi-experimental designs for research. Chicago: 
Rand McNally. 
Carini, P. (1975). Observation and description: An 
alternative methodology for the investigation of human 
phenomena. Grand Forks, ND: North Dakota Study Group 
on Evaluation. (ERIC Document Reproduction Service 
No. ED127277) 
272 
Carpenter, T., Corbett, M., Kepner, H., Lindquist, M., & 
Reys, R. (1980). Results of the second NAEP mathematics 
assessment: Secondary schools. The Mathematics Teacher, 
73, 329-338. 
Chang, P. (1978). On reflections among academic perform-
ance, sex difference, attitude and persistence of small 
groups in developmental college level mathematics 
courses (Doctoral dissertation, Georgia State Univer-
sity--College of Education, 1977). Dissertation Abstracts 
International, 38A, 4002. (University Microfilms 
No. DDK77-29325~ 
Committee on the Undergraduate Program in Mathematics. (1971). 
A course in basic mathematics for colleges. In A Com-
pendium of CUPM Recommendations (Vol. 1) (pp. 256-313). 
Berkeley, CA: Mathematical Association of America. 
Crumpton, s. (1978). A mathematical anxiety reduction 
project (Doctoral dissertation, The University of 
Tennessee, 1977). Dissertation Abstracts International, 
~. 5310. (University Microfilms No. DDK78-01992) 
Davidman, L. (1977). A formative evaluation of the Unified 
Science and Mathematics in the Elementary Schools cur-
riculum (Doctoral dissertation, Stanford University, 
1976). Dissertation Abstracts International, 37A, 
2598. (University Microfilms No. DCJ76-25987)---
Davidman, L. (1978). Formative evaluation of the Unified 
Science and Mathematics curriculum in the elementary 
schools: Summary and extension of findings and recom-
mendations. In G. Willis (Ed.), Qualitative evaluation, 
concepts and cases in curriculum criticism (pp. 389-410). 
Berkeley, CA: McCutchan. 
DeLoatch, s. J. (1978). A comparative study of use of 
computer programming activities in an introductory 
college mathematics course for disadvantaged students 
(Do~toral dissertation, Indiana University, 1977). 
Dissertation Abstracts International, 38A, 6585. 
(University Microfilms No. DDK 78-0562gr-
Denmark, T., & Kepner, H. s., Jr. (1980). Basic skills in 
mathematics: A survey. Journal for Research in Math-
ematics Education, 11, 104-123. 
Denzin, N. (1978). The research act. New York: McGraw 
Hill. 
Dewey, J. (1938). Experience and education. New York: 
Collier/MacMillan. 
-,-,~~~~----··--------~-···-----~--·· ... -- ·--··-·-·~-------.. -·--.... ··="'-···~··· 
273 
Duncan, D. R. (1971). Effects of instruction in selected 
mathematics topics on attitudes toward mathematics of 
college general mathematics students (Doctoral disser-
tation, University of Michigan, 1970). Dissertation 
Abstracts International, 31, 6467A-6468A. (University 
Microfilms No. 71-15, 131) 
Dyce, B. (1978). The effect of incorporating the m~n~-
or hand-held calculator into a community/junior college 
basic mathematics course (Doctoral dissertation, Uni-
versity of Florida, 1977). Dissertation Abstracts 
International, 39A, 43. (University Microfilms 
No. DDK78-10942r--
Ellis, A., & Alleman-Brooks, J. (1978). 
strategies for real problem solving. 
and Mathematics, 78, 240-247. 
Informal evaluation 
School Science 
Fennema, E. (Ed.). (1981). Mathematics: Education research 
implications for the 80's. Alexandria, VA: Associa-
tion for Supervision and Curriculum Development and 
National Council of Teachers of Mathematics. (ERIC 
Document Reproduction Service No. ED 206 460) 
Fey, J. T. (1981). Mathematics teaching today: Perspec-
tives from three national surveys. Reston, VA: 
National Council of Teachers of Mathematics. 
Fitzgerald, W. (1975). The role of mathematics in a com-
prehensive problem solving curriculum in secondary 
schools. School Science and Mathematics, 75, 39-47. 
Fletcher, N. (1980). Perceptions regarding the desirable 
content of a two semester mathematics sequence for stu-
dents majoring in non-mathematics (Doctoral dissertation, 
East Texas State University, 1979). Dissertation 
Abstracts International, 40A, 3845. (University Micro-
films No. DEMS0-00006) 
Forbes, J. (1972). Course content in mathematics: Our 
cultural heritage versus current relevancy. School 
Science and Mathematics, 72, 475-480. 
Frazier, F. (1975). A problem of the effects of teaching 
mathematics via individualized instruction, team teach-
ing and the traditional method to college freshman lib-
eral arts majors (Doctoral dissertation, University of 
Houston). Dissertation Abstracts International, 36A, 
2588-1589. (University Microfilms No. DCJ75-2393~ 
... -· -,.--~ ..... -_,..,~-.,..·----- ···---- --···-··· ---~ 
274 
Fremont, H. (1979). Teachinq secondary mathematics throuqh 
apRlications (2nd ed.). Boston: Prindle, Weber & 
Schmidt. 
Freund, J. (1970). Statistics: A first course. Englewood 
Cliffs, NJ: Prentice-Hall. 
Friesen, C. (197S). A look at general education mathematics 
programs. Two-Year College Mathematics Journal, 2· 
21S-221. 
Gagne, R. (1970). The conditions of learning (2nd ed.). 
New York: Holt, Rinehart. 
Gagne, R. 
ing. 
(1971). Instruction based on research in learn-
Engineering Education, 61, 522. 
Gay, G. (19Sl). Instructional imperatives for the SO's. 
In L. Edinger, P. Houts, & D. Meyer (Eds.), Education 
in the SO's: Curricular challenges (pp. 7S-S7). 
Washington, DC: National Education Association. 
Giles, H. H., McCutchen, s. P., & Zechiel, A. W. {1942). 
ExRloring the curriculum. New York: Harper and Row. 
Glass, G., & Stanley, J. {1970). Statistical methods in 
education and psychology. Englewood Cliffs, NJ: Pren-
tice-Hall. 
Gooden, C. (197S). Some effects of using minicalculators 
in an arithmetic course on the attitude towards mathe-
matics and the mathematics achievement of community 
college students (Doctoral dissertation, Kent State 
University, 197S). Dissertation Abstracts International, 
~.- 2S00-2S01. (University Microfilms No. DDK7S-21677) 
Gordon, M., & Schaumberger, N. (197S). A first course in 
statistics. New York: Macmillan, Inc. 
Greeno, J. (19SO). Trends in the theory of knowledge for 
problem solving. In D. T. Tuma & F. Reif {Eds.), 
Problem solving and education: Issues in teachinq and 
research (pp. 9-23). Hillsdale, NJ: Lawrence Erlbaum. 
Greenwood, M. (197S). Effects of small group help sessions 
on an individualized program in community college math-
ematics (Doctoral dissertation, University of Illinois 
at Urbana-Champaign, 1977). Dissertation Abstracts 
International, 3SA, 6044-6045. (University Microfilms 
No. DDK7S-04005~ 
-:;,~,....._~--... .._..-- -··-------~------ --~--·----- ·- ··-·-_., _______ ..._ .. _ . ..,.r.~··..,,., 
Harman, W. (1972). The nature 
Implications for schools. 
(Eds.), Curriculum and the 
Berkeley, CA: McCutchan. 
275 
of our changing society: 
In D. Purpel & M. Belanger 
cultural revolution (pp. 4-63). 
Henderson, K., & Pingry, R. (1953). Problem-solving in 
mathematics. In H. Fehr (Ed.), The learning of math-
ematics: Its theory and practice--twenty-first year-
QQQk (pp. 228-270). Washington, DC: National Council 
of Teachers of Mathematics. 
Herring, c. (1976). An investigation into the effects of 
mastery learning on three variables in a college general 
mathematics course (Doctoral dissertation, University 
of Tennessee, 1975). Dissertation Abstracts Inter-
national, 36A, 7159. (University Microfilms No. DCJ76-
11053) -
Hill, C. (1979). Problem solving. In Learninq and teach-
ing: An annotated bibliography. London: Frances 
Printer. 
Holmes, A., Sanders, W., & LeDuc, J. (1977). Statistical 
inference for the general education student: It can be 
done. Two-Year College Mathematics Journal, ~' 223-230. 
Horner, D. (1974). Nonlab, nonprogrammed, and nonlecture: 
Any chance? Two-Year College Mathematics Journal, 2, 
39-44. 
Hunkins, D., & Pirnot, T. 
models. Reading, MA: 
(1977). Mathematics: 
Addison-Wesley. 
Tools and 
Institute for Services to Education. ( 1970). Tools and 
concepts. Washington, DC: Curriculum Resources Group. 
Institute for Services to Education. (1973). Mathematics--
Thirteen-college curriculum program: Illustrative 
materials. Newton, MA: Curriculum Resources Group. 
Johnson, D., & Harding, R. (1979). University-level comput-
ing and mathematical problem-solving ability. Journal 
for Research in Mathematics Education, 10, 37-55. 
Kantowski, M. G. (1975). Processes involved in mathematical 
problem solving (Doctoral dissertation, University of 
Georgia, 1974). Dissertation Abstracts International, 
~~ 2734. (University Microfilms No. DCJ75-23764) 
Kantowski, M. G. (1977). Processes involved in mathematical 
problem solving. Journal for Research in Mathematics 
Education, ~' 163-180. 
-:.·~ .. ---~ ..  ....... -. ---..~~-..,..------ --~--·---··---· .. ----..... -·~--
276 
Kantowski, M. G. (1981). Problem solving. In E. Fennema 
(Ed.), Mathematical education research: Implications 
for the 80's. Alexandria, VA: Association for Super-
vision and Curriculum Development. 
Katchalski, M., Klamkin, M., & Liu, A. (1981). An exper-
ience in problem solving. The American Mathematical 
Monthl~, ~. 551-563. 
Kerlinger, F., & Pedhazur, E. 
in behavioral research. 
Winston, Inc. 
(1973). 
New York: 
Multiple regression 
Holt, Rinehart and 
Kerrigan, J. J. (1976). A comparison of teacher-paced and 
individualized student-paced instruction in college 
freshman mathematics (Doctoral dissertation, Temple Uni-
versity, 1976). Dissertation Abstracts International, 
37A, 2038. (University Microfilms No. DCJ76-22049) 
Kilpatrick, J. (1969). Problem-solving and creative behav-
ior in mathematics. In J. Wilson (Ed.), Studies in 
mathematics (Vol. 19) (pp. 153-187). Stanford, CA: 
School Mathematics Study Group. 
Kilpatrick, J. (1978). Research on problem solving in 
mathematics. School Science and Mathematics, 78, 189-192. 
Kilpatrick, W. (1918). The project method. Teacher's 
College Record, ~, 6-7. 
Kilpatrick, W. (1925). 
talks on teaching. 
Foundations of method: Informal 
New York: Macmillan Co .. 
Kinsella, J. (1970). Problem solving. In M. Rosskopf 
(Ed.), The teachin of secondar school mathematics: 
Thirt~-third ~earbook pp. 241-266). Washington, DC: 
National Council of Teachers of Mathematics. 
Kipp, W. E. (1975). An investigation of the effects of 
integrating topics of elementary algebra with those of 
elementary probability within a unit of materials pre-
pared for college basic mathematics students (Doctoral 
dissertation, Florida State University, 1974). Dis-
sertation Abstracts International, 35A, 7616. (Univer-
sity Microfilms No. DCJ75-12648) ----
Kline, M. (1958). The ancients versus the moderns: A new 
battle of the books. The Mathematics Teacher, 21, 
418-427. 
Kline, M. (1964). Mathematics in western civilization. 
New York: Oxford University Press. 
.. ~ -· -t,·~-----~--·--·- -··------.. --.. ~- ...... --.,..-.--·••~--- ,_. -~·-------~-·-.t.--·.r.~-...,,. .. 
277 
Kline, M. (1967). Mathematics for liberal arts. Reading, 
MA: Addison Wesley. 
Kline, M. (1973). 
the new math. 
Why Johnny can't add: The failure of 
New York: St. Martin's Press. 
Knifong, J.D., & Holtan, B. (1976). An analysis of chil-
dren's written solutions to word problems. Journal 
for Research in Mathematics Education, z, 92-105. 
Knowles, M. (1975). Self-directed learning. Chicago: 
Follett Publishing Co. 
Kohlberg, L., & Mayer, R. (1972). Development as the aim 
of education. Harvard Education Review, ~, 449-496. 
Krulik, S.; & Reys, R. (Eds.). (1980). Problem solving in 
school mathematics: 1980 yearbook •. Reston, VA: 
National Council of Teachers of Mathematics. 
Lake, F., & Newmark, J. 
language (2nd ed.). 
lishing Co. 
(1977). Mathematics as a second 
Reading, MA: Addison Wesley Pub-
LeCuyer, E. (1977). Teaching a survey of mathematics for 
college students using a programming language [with] 
part II: The textbook (Doctoral dissertation, University 
of Massachusetts, 1977). Dissertation Abstracts Inter-
national, 37A, 6326. (University Microfilms No. DCJ77-
08697) -
Lederman, B. (1977). The community college basic mathematics 
course. Two-Year College Mathematics Journal, ~, 29-34. 
Lee, C. (1975). Developing basic mathematical skills 
through elementary probability and statistics for low-
achieving Junior College students (Doctoral disserta-
tion, Columbia University, 1975). Dissertation Abstracts 
International, 36A, 1411. (University Microfilms 
No. DCJ75-18406r--
Lester, F., Jr. (1980). Problem solving: Is it a problem? 
In M. M. Lindquist (Ed.), Selected issues in mathematics 
education (pp. 29-45). Berkeley, CA: McCutchan. 
Lester, F., & Kerr; D. (1979). Some ideas about research 
methodology in mathematics education. Journal for 
Research in Mathematics Education, 10, 228-232. 
Lindquist, M. M. (Ed.). 
matics education. 
{1980). Selected issues in mathe-
Berkeley, CA: McCutchan • 
•• , -· ~""""''""'·--...,......-~-...,..·------ __ & __ _.._,.. _____ .,_ • .., ----~---··---- ·- --·-_...~ ... -------..-.·--,.+.··.r-.- ..... 
278 
Locksley, N. (1970). 
dent study math? 
621-623. 
Why should a nice liberal arts stu-
School Science and Mathematics, 70, 
Loman, E. (n.d.). How well does USMES work? A summary 
of evaluation results. Newton, MA: Education Develop-
ment Corporation. (mimeographed) 
Loman, E., Beck, B., & Arbetter, c. (1975). Real problem 
solving in USMES: Interdisciplinary education and much 
more. School Science and Mathematics, ]2, 53-64. 
Lucas, J. (1974). The teaching of heuristic problem-solving 
strategies in elementary calculus. Journal for Research 
in Mathematics Education, 2, 36-46. 
MacDonald, B., & Walker, R. (1977). Case-study 
social philosophy of educational research. 
ilton, B. MacDonald, C. King, D. Jenkins, & 
(Eds.), Beyond the numbers game (pp. 6-22). 
CA: McCutchan. 
and the 
In D. Ham-
M. Parlett 
Berkeley, 
Macdonald, J. B., Wolfson, B., & Zaret, E. (1973). Reschool-
ing society: A conceptual model. Washington, DC: 
Association for Supervision and Curriculum Development. 
Mendenhall, W. (1968). Introduction to linear models and 
the design and analysis of experiments. Belmont, CA: 
Wadsworth. 
Meserve, B., & Sobel, M. (1972). Contemporary mathematics 
(2nd ed.). Englewood Cliffs, NJ: Prentice-Hall, Inc. 
Meyer, R. (1978). Mathematical problem-solving performance 
and intellectual abilities of fourth-grade children. 
Journal for Research in Mathematics Education, 2, 
334-348. 
Miller, c., & Heeren, V. (1976). Mathematics: An everyday 
experience. Glenview, IL: Scott, Foresman. 
Miller, c., & Heeren, V. (1978). Mathematical ideas. 
Glenview, IL: Scott, Foresman. 
Miller, W. (1974). The contract method vs. the traditional 
method of teaching developmental mathematics to under-
achievers: A comparative analysis. Two-Year College 
Mathematics Journal, ~, 45-49. 
Mitchell, W. (1974). Improving general education mathemat-
ics. Two-Year College Mathematics Journal, 1, 32-37. 
- . .. 
279 
National Advisory Committee on Mathematical Education 
(NACOME). (1975). Overview and analysis of school 
mathematics: Grades K-12.· Washington, DC: Conference 
Board of the Mathematical Sciences. 
National Council of Supervisors of Mathematics. (1977). 
Position paper on basic skills. Arithmetic Teacher, 
25, 18-22. 
National Council of Teachers of Mathematics. (1980). An 
agenda for action: Recommendations for school math= 
ematics of the 1980s. Reston, VA: National Council of 
Teachers of Mathematics. 
National Council of Teachers of Mathematics. (1981). Pri-
orities in school mathematics executive summar of 
the PRISM project • Reston, VA: National Council of 
Teachers of Mathematics. 
National Council of Teachers of Mathematics and others. 
(1978?). The essentials of education. Reston, VA: 
National Council of Teachers of Mathematics, n.d. 
Olson, M. (1976). The effects of three methods of instruc-
tion of achievement and attitudes in general college 
mathematics (Doctoral dissertation, Oklahoma State 
University, 1975). Dissertation Abstracts International, 
~~ 7166-7167. (University Microfilms No. DCJ76-09741) 
Osborne, A., & Kasten, M. (1980). Opinions about problem 
solving in the curriculum for the 1980s: A report. 
Ins. Krulik & R. Reys (Eds.), Problem solving in 
school mathematics: 1980 yearbook. Reston, VA: 
National Council of Teachers of Mathematics. 
Parlett, M., & Hamilton, D. (1977). Evaluation as illum-
ination: A new approach to the study of innovatory 
programmes. In D. Hamilton, B. MacDonald, c. King, 
D. Jenkins, & M. Parlett (Eds.), Beyond the numbers 
game (pp. 6-22). Berkeley, CA: McCutchan. 
Polya, G. (1945). How to solve it (2nd ed.). Garden City, 
NY: Doubleday Anchor. 
Polya, G. (1980). On solving mathematical problems in high 
school. California Mathematics Council Bulletin, 
1949, 7. Reprinted ins. Krulik & R. Reys (Ed.), Prob-
lem solving in school mathematics (pp. 1-2). Reston;-
VA: National ·council of Teachers of Mathematics. 
-~~ ... -~-.·------·,-- -~-----·-···--·· ... -----;..,._ .. ________ -----··-· 
280 
Resnick, L., & Ford, W. (1981). Psychology of mathematics 
for instruction. Hillsdale, NJ: Lawrence Erlbaum. 
Schoenfeld, A. (1978). 
nite integration. 
85, 673-678. 
Presenting a strategy for indefi-
The American Mathematical Monthly, 
Schoenfeld, A. (1979). Explicit heuristic training as a 
variable in problem-solving performance. Journal for 
Research in Mathematics Education, 1Q, 173-187. 
Schoenfeld, A. (1980). Heuristics in the classroom. In 
s. Krulik & R. Reys (Eds.), Problem solving in school 
mathematics, 1980 yearbook (pp. 9-22). Reston, VA: 
National Council of Teachers of Mathematics. (a) 
Schoenfeld, A. (1980). Teaching problem-solving skills. 
The American Mathematical Monthly, 87, 794-804. (b) 
Scriven, M. (1967). The methodology of evaluation. In 
R. Tyler, R. Gagne, & M. Scriven, Perspectives of cur-
riculum evaluation (pp. 39-85). AERA monograph series 
on curriculum evaluation, No. 1. Chicago: Rand McNally. 
Scriven, M. (1980). Prescriptive and descriptive approaches 
to problem solving. In D. Tuma & F. Reif (Eds.), Problem 
solving and education: Issues in teaching and research 
(pp. 127-139). Hillsdale, NJ: Lawrence Erlbaum .. 
Shann, M. (1974). An evaluation of USMES: Its effects on 
student performances in problem solving and basic 
skills. Boston: Boston University, School of Education. 
Shapiro, B. J. (1973). The notebook problem, report on 
observations of problem solving activity in USMES and 
control classrooms. Newton, MA: Education Development 
Center. (ERIC Document Reproduction Service No. ED 
116 917) 
Shevokas, c. (1975). Using a computer-oriented Monte Carlo 
approach to teach probability and statistics in a 
community college general mathematics course (Doctoral 
dissertation, University of Illinois at Urbana-Champaign) 
1974). Dissertation Abstracts International, 35A, 
7089-7090. (University Microfilms No. DCJ75-ll672) 
Shulman, L. (1973). Psychological controversies in teach-
ing of science and mathematics. In F. J. Crosswhite, 
J. Higgins, A. Osborne, & R. Schumway (Eds.), Teaching 
mathematics: Psychological foundations (pp. 3-16). 
Worthington, OH: Charles Jones. 
-:.., .. ....,._.~--·------·-·-----·--~--.4 ----.-. -·--·------ -- h .......... ~ ..... "'·-·~··-· .. --~ .. ..._... ...... _ ..... ---~···· - .:. 
281 
Simon, H. (1980). Problem solving and education. In D. T. 
Tuma & F. Reif (Eds.), Problem solving and education: 
Issues in teaching and research (pp. 127-139). Hills-
dale, NJ: Lawrence Erlbaum. 
Smith, C. W. (1975). A comparison of the effect of the 
activity approach and the lecture approach used in 
teaching general college mathematics to risk students 
and the relationship between the two methods and learner 
characteristics (Doctoral dissertation, Temple Univer-
sity, 1975). Dissertation Abstracts International, 
36A, 3476-3477. (University Microfilms No. DCJ75-28299) 
Smith, D. (1976). Effectiveness of the Institute of 
E~ucation materials and methods in mathematics on 
attitude change toward mathematics, self concept and 
achievement in mathematics in thirteen predominantly 
Black colleges (Doctoral dissertation, New York Uni-
versity, 1974). Dissertation Abstracts International, 
~. 4435. (University Microfilms No. DCJ76-01754) 
Smith, K. 
ed.). 
(1976). The nature of modern mathematics (2nd 
Monterey, CA: Brooks Cole. 
Smith, M. (1976). A comparison of three methods of teaching 
freshmen mathematics: Lecture, guided discovery and 
programmed (Doctoral dissertation, University of Pitts-
burgh, 1975). Dissertation Abstracts International, 
36A, 5879. (University Microfilms No. DCJ76-05479) 
Spanier, E. (1970). The undergraduate program in mathemat-
ics. The American Mathematical Monthly, 77, 752-755. 
Stalker, G., & others. (1978). USMES school study: Effects 
of school strategies on USMES utilization. Newton, MA: 
Educational Development Center. (ERIC Document Repro-
duction Service No. ED 164 355) 
Steger, W., & Willging, G. (1976). Modularizing liberal 
arts mathematics: An experiment. Two-Year College 
Mathematics Journal, z, 33-37. 
Stein, s. K. (1973). Mathematics for the captured student. 
Two-Year College Mathematics Journal, 4, 64-72. 
Suydam, M. (1980). Untangling clues from research on problem 
solving. Ins. Krulik & R. Reys (Eds.), Problem solvino 
in school mathematics: 1980 yearbook (pp. 34-50). Res-
ton, VA: National Council of Teachers of Mathematics. 
Suydam, M. (1982). Update on research on problem solving: 
Implications for classroom teaching. Arithmetic Teacher, 
29, 56-60 . 
..,..-.--.;--...,.. ·---·-- --·- --- .... --··· ----- --~--·---- ..... -··. --··~~ ~ .. ·~-- .. --.-r.-_.. ..... _<:-.- .,.... .... - . .. 
282 
Travis, D. L. (1977). Experiencing mathematics: The 
development and trial of an eclectic course (Doctoral 
dissertation, University of Northern Colorado, 1976). 
Dissertation Abstracts International, 37A, 6987-6988. 
(University Microfilms No. DCJ77-11087~ 
Treadway, R. T. (1981). Real-problem solving: A basic 
skill. Centroid, 1, 3-7. 
Triola, M. (1973). Mathematics and the modern world. Menlo 
Park, CA: Cummings. 
Tuma, D. T., & Reif, F. (Eds.). (1980). Problem solving 
and education: Issues in teaching and research. Hills-
dale, NJ: Lawrence Erlbaum. 
The Two-Year College Journal. (1977). 8, 65-128. 
Unified Sciences and Mathematics for Elementary Schools. 
(1975). Preparing people for USMES: An implementation 
resource book. Newton, MA: Education Development Cor-
poration. (ERIC Document Reproduction Service No. 
ED 220 336) 
Unified Sciences and Mathematics for Elementary Schools. 
(1976). Consumer research--USMES teacher resource 
book. Newton, MA: Edncation Development Corporation. 
(ERIC Document Reproduction Service No. ED 220 303) (a) 
Unified Sciences and Mathematics for Elementary Schools. 
(1976). The USMES guide. Newton, MA: Education Devel-
opment Corporation. (ERIC Document Reproduction Ser-
vice No. ED 142 362) (b) 
Unified Sciences and Mathematics for Elementary Schools. 
(1977). Collecting data: USMES intermediate "how to" 
set. Newton, MA: Education Development Corporation. 
(ERIC Document Reproduction Service No. ED 220 327) (a) 
Unified Sciences and Mathematics for Elementary Schools. 
(1977). Graphing: USMES intermediate "how to" set. 
Newton, MA: Education Development Corporation. (ERIC 
Document Reproduction Service No. ED 220 330) (b) 
Unified Sciences and Mathematics for Elementary Schools. 
(1977). Measurin : USMES intermediate "how to" set. 
Newton, MA: Education Development Corporation. ERIC 
Document Reproduction Service No. ED 220 332) (c) 
283 
Unified Sciences and Mathematics for Elementary Schools. 
(1977). Simplifying data: USMES intermediate "how to" 
set. Newton, MA: Education Development Corporation. 
(ERIC Document Reproduction Service No. ED 220 334) (d) 
Unified Sciences and Mathematics for Elementary Schools. 
(1977). Usin free time: USMES teacher resource book. 
Newton, MA: Education Development Corporation. ERIC 
Document Reproduction Service No. ED 220 322) (e) 
Unified Sciences and Mathematics for Elementary Schools. 
(1977). Ways to learn/teach: USMES teacher resource 
book. Newton, MA: Education Development Corporation. 
(ERIC Document Reproduction Service No. ED 220 323) (f) 
Webb, E., Campbell, D. T., Schwartz, R. D., & Sechrest, L. 
(1971). Unobtrusive measures: Nonreactive research in 
the social sciences. Chicago: Rand McNally. 
Webb, L., & Ost, D. (1978). Real comprehensive problem 
solving as it relates to mathematics teaching in the 
secondary schools. School Science and Mathematics, 78, 
197-206. 
Whipkey, K., Whipkey, M., & Jarocky, J. (1977). 
of relevant mathematics: Basic concepts. 
Cliffs, NJ: Prentice Hall. 
The power 
Englewood 
White, E. (1978). Problem solving: Its history as a focus 
in curriculum development. School Science and Math-
ematics, 78, 183-188. 
Whitehead, A. N. (1956). The aims of education. New York: 
New American Library/Mentor Books, 
Williams, D. A. (1976). A comparison of two methods of math-
ematics instruction (Doctoral dissertation, Texas A&M 
University). Dissertation Abstracts International, 
~. ,7920. (University Microfilms No. DCJ76-12714) 
-:.. ~ .. -. -~--- ... ------·-.A--&-- ••• •• -··...0 --~-·- .... - ... _ -·· ---~ .... ,.---·----·--..,·~~.-- ..,. • 
APPENDIX A 
APPENDIX B 
APPENDICES AND THEIR CONTENTS 
The Many Facets of Problem Solving 
from Claire Hill, Problem Solving: 
Learning and Teaching 
USMES MATERIALS 
Challenges 
Background Papers 
HOW TO Cards 
HOW TO Booklets 
284 
APPENDIX C Key Elements in a USMES Informational Meeting 
APPENDIX D Objectives of Bennett College 
APPENDIX E Materials handed out or used in the Experimental 
and Comparison Sections of Math 102 
1. Course Outline--Mathematics 101--Fall 1978 
2. Course Outline--Mathematics 102-02--Comparison section 
3. Grading Procedures and Units--Computer Assisted Lab 
4. Preliminary Tests--Both Sections 
5. Attitude Questionnaires--Aiken Inventory and Four 
Short Answer Questions--Both Sections 
6. Information Sheet--Background and Interests of 
Students 
7. Course Outline--Mathematics 102-01--Experimental 
Section 
8. Possible Grading Procedures--Math 102-01 
9. Actual Grading Procedures--Math 102-01 
10. Suggest€d Questions for Planning an Investigation 
11. Suggested Topics for Mastery--Math 102-01 
12. Assignment Sheet and Guidelines to Outside Reading 
Report 
13. Checklist of Completed Activities 
14. Student Notebooks 
15. Resource Sheets 
16. Topic Tests 
17. Assignment for Writing a Program--Computer Pro-
gramming 
18. Suggestions for Writing the Conclusion to the Inves-
tigation 
19. Final Examinations--Both Classes 
APPENDIX F Instructor•s Comments to the Group on Crime 
1. Preliminary Response 
2. Final Response 
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APPENDIX A 
THE MANY FACETS OF PROBLEM SOLVING 
Problem solving, as viewed by psychologists, math-
ematicians, teachers and others, has a wide variety of 
characteristics and qualities. Claire Hill listed 11 dif-
ferent facets of problem solving in her annotated bibliog-
raphy, Problem Solving: Learning and Teaching (1979). 
1. Problem solving is using associations. 
2. Problem solving is forming and testing hypotheses. 
3. Problem solving is restructuring problems. 
4. Problem solving is assimilation into schemas. 
5. Problem solving can be simulated. 
6. Problem solving can be encouraged by teaching styles. 
7. Problem solving is modified by individual differences. 
8. Problem solving aids learning. 
9. Problem solving is a goal. 
10. Problem solving is creative. 
11. Problem solving is solving exercises. 
-···- -- -;.-_...,..._ . .,..~~v-~.~-.-·----- __ ... _______ ._. ___ . --~------ -· 
UNIT 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Advertising 
Bicycle 
Transportation 
Classroom Design 
Classroom 
Management 
Consumer Research 
Describing People 
Designing for 
Human Proportions 
Design Lab Design 
Eating in School 
Getting There 
Growing Plants 
Manufacturing 
Mass 
Communications 
Nature Trails 
Orientation 
Pedestrian 
Crossings 
Play Area Design 
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APPENDIX B 
USMES MATERIALS 
CHALLENGE 
Find the best way to advertise a product 
or event that you want to promote. 
Find ways to make bicycle riding a safe 
and convenient way to travel. 
Change the classroom to make it a better 
place. 
Develop and maintain a well-run class-
room. 
Determine which brand of product is 
the best buy for a specific purpose. 
Determine the best information to put 
in a description so that a person can 
be quickly and easily identified. 
Design or make changes in things that 
you use or wear so that they will be a 
good fit. 
Improve or set up the Design Lab in 
your school or class for the benefit 
of those who use it. 
Promote changes that will make eating 
in school more enjoyable. 
Overcome the difficulties in getting 
from one place to another. 
Grow plants for Children 
determine the specific purpose, such as 
for gifts, for transplanting into a 
garden, for selling, etc. 
Find the best way to produce in quan-
tity an item that is needed. 
Find a good way for us to tell many 
people about (topic, problem). 
Develop an outdoor area to help others 
appreciate nature. 
Help yourselves and/or others to adapt 
to new situations. 
Recommend and try to have a change made 
that will improve the safety and con-
venience of a pedestrian crossing near 
the school. 
Promote changes which will improve the 
design or use of our school's play 
area. 
- . .. 
UNIT 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2 5. 
26. 
Protecting 
Property 
School Rules 
School Supplies 
School Zoo 
Soft Drink 
Design 
Traffic Flow 
Using Free Time 
Ways to Learn/ 
Teach 
Weather Pre-
dictions 
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CHALLENGE 
Find a good way to protect your~~----­
(property in desks or lockers, bikes, 
tools, animals, Design Lab tools, etc.). 
Find ways of influencing rules and the 
decision-making process in the school. 
Find effective ways to manage and/or 
conserve school supplies. 
Collect and maintain a variety of 
animals in the classroom to help your 
class and others learn about them. 
Invent a new soft drink that will be 
popular and can be produced at a low 
cost. 
Recommend and try to have a change 
accepted so that the flow of traffic 
will be improved at a nearby problem 
location. 
Find things to do during your 
(recess time, lunch time) that would 
be (educational, useful, fun). 
Find the best way to learn or teach 
someone else to do certain things. 
Make your own weather predictions (for 
this afternoon, tomorrow, or a special 
occasion). 
Taken from The USMES Study Guide, 1976, pp. 51-79. 
List of Background Papers 
As students working on real problem become involved in 
different types of investigations, teachers may need background 
information that is not readily accessible elsewhere. The 
Background Papers not only fulfill this need but also often 
include descriptions of activities and investigations that 
students might carry out. 
Many papers provide information that is useful in many 
different units~ others are focused on the problems in a 
specific unit. Each Teacher Resource Book contains a list 
of the papers pertinent to that unit. The papers are grouped 
in the categories shown. In some cases there is a great deal 
of overlap between categories. For example, some papers which 
deal with graphing also include probability and statistics~ 
information in papers on design problems may extend into other 
categories. (USMES Study Guide, 1976, p. 83) 
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BIOLOGY 
B 1 How to Love Frogs by Abraham Flexer 
B 2 Raising Houseflies by Abraham Flexer 
B 3 Identifying Organisms by Abraham Flexer 
B 4 Hints for Growing Plants by Jay E. Anderson 
B 5 How to Avoid Crop Failure and Disaster: Redundancy 
by Jay E. Anderson 
B 6 How to Keep from Also Raising Aphids, Spider Mites, 
White Flies, Etc., When Growing Plants by Jay E. 
Anderson 
DP 1 
DP 2 
DP 3 
DP 4 
DP 6 
DP 7 
DP 8 
DP 9 
DP 10 
DP 11 
DP 12 
DP 13 
DP 14 
DP 17 
DESIGN PROBLEMS 
Highway Intersections by Alan Holden 
Some Considerations on the Curvature of an Exit or 
Entrance Road by Earle Lomon 
Determining Taste Factors for Soft Drink Design 
(based on suggestions by Henry Pollak) 
Electromagnet Design by Earle Lomon 
What Can You Do with Tires and Ropes? by Playground 
Design Group--1972 Boston Summer Workshop 
Traffic Congestion by James Kneafsey 
Traffic Flow at Pedestrian Crossings by James 
Kneafsey 
Traffic Flow under Alternative Structural Conditions 
by James Kneafsey 
The Need for Traffic Signal Synchronization in 
Urban Areas by James Yilleafsey 
The Impact of Parking Restrictions on Traffic Flow 
in Urban Areas during Peak Periods by James 
Kneafsey 
Traffic Flow at Rotaries by James Kneafsey 
People and Space by Gorman Gilbert 
S ed Travel Time Volume and Densit Relationshi s 
in Traffic Flow based on suggestions by James 
Kneafsey) 
Bicycle Test Course by Frank 0 1 Brien 
ELECTRICITY 
EC 1 Basic Electric Circuits (based on suggestions by 
Thacher Robinson) 
EC 2 Trouble Shooting on Electric Circuits (based on 
suggestions by Thacher Robinson) 
···~ -· -.;.-~...-.~.--.;-o--...,.. ·~--·- -·--------··~-·-.__ ----.-.--·---··- ·-·---... ------.. -.. - ...... ;-....... -..... ~· 
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GEOMETRY AND SHAPES 
G 1 Making Polyhedra by Alan Holden 
G 2 ~ids Made of Equilateral Triangles by Alan Holden 
G 3 The Five Regular Solids by Alan Holden 
G 4 Semi-Regular Solids by Alan Holden 
G 5 "Fair" and "Regular" Poly;hedra by Earle Lomon 
G 6 Mass Production of Equilateral Triangles and 
Squares by Louise Buckner and Frank O'Brien 
GRAPHING 
GR 1 Notes on the Use of Histograms for Pedestrian 
Crossing Problems by Percy Pierre and Donald 
Coleman 
GR 2 Notes on Data Handling by Percy Pierre 
GR 3 Using Graphs to Understand Data by Earle Lomon 
GR 4 Representing Several Sets of Data on One Graph by 
Betty Beck 
GR 5 Plottin Weather Predictions Data on Three-
Dimensional Pegboard Graphs based on suggestions 
by Jack Borsting and Leland Webb) 
GR 6 Using Scatter Graphs to Spot Trends by Earle Lomon 
GR 7 Data Gatherin and Generatin Gra hs at the Same 
Time or Stack 'Em and Gra h 'Em at One Fell Swoo !) 
by Edward Liddle 
GROUP DYNAMICS 
GD 2 A Voting Procedure Comparison That May Arise in 
USMES Activities by Earle Lomon 
MEASUREMENT 
M 1 Gulliver's Travels Activity by Abraham Flexer 
M 2 Measuring Heights of Trees and Buildings by Earle 
Lorn on 
M 3 Determining the Best Instrument to Use for a Cer-
tain Measurement by USMES Staff 
M 4 Measuring the Speed of Cars by Earle Lomon 
M 5 ~lectric Trundle Wheel by Charles Donahoe 
M 7 Weather Factors and Their Measurement by Ray Brady, 
Jr. 
--;.-..--.. -~---""':'"'"F _______ -~-- ... --·---~·--·· ... ---~--··---
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PROBABILITY AND STATISTICS 
PS 1 Collecting Data in Sets or Samples by USMES Staff 
PS 3 Weather Prediction by Bob Renad 
PS 4 Design of Surveys and Samples by Susan J. Devlin 
and Anne E. Freeny 
PS 5 Examining One and Two Sets of Data Part I: A 
General Strategy and One-Sample Methods by Lorraine 
Denby and James Landwehr 
PS 6 Examining One and Two Sets of Data Part II: 
A Graphical Method for Comparing Two Samples by 
Lorraine Denby and James Landwehr 
PS 7 Examining One and Two Sets of Data Part III: 
Assessing the Significance of the Differences between 
Two Samples by Lorraine Denby and James Landwehr 
RATIOS, PROPORTIONS, AND SCALING 
R 1 Graphic Comparison of Fractions by Merrill Goldberg 
R 2 Geometric Comparison of Ratios by Earle Lomon 
R 3 Making and Using a Scale Drawing by Earle Lamon 
SIMULATION ACTIVITIES 
SA 1 The Sit-Down Game by Merrill Goldberg 
SA 2 Set Theory Activities: Rope Circles and Venn 
Diagrams by Merrill Goldberg 
SA 3 Using Venn Diagrams to Find the Best Descriptions 
by USMES Staff 
SA 4 Simulation/Modeling as a Tool in Assessing Various 
Solutions by Ludwig Braun and Betty Beck 
Taken from The USMES Guide, pp. 83-85. 
LIST OF "HOW TO" CARDS 
The overall activity in USMES units is flexible in con-
tent and in discovery-learning experiences. In most instances 
the students learn through observing the results of their 
own and their classmates' experiments. However, in the course 
of their investigations the students will recognize the need 
for certain facts or skills. For example, they may need to 
find out how to use a stopwatch, how to make a scale draw-
ing, or how to find the range of a set of measurements. In 
working with electric currents, they may want to find out why 
the wires get hot or why a light sometimes gets dim or goes 
out when another battery is added to the circuit. Students 
working in the Design Lab may want to know how to glue, nail, 
or cut wood, how to solder two wires, or how to cut wire. 
--,-·--···----
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Some children prefer to work things out for themselves 
and should be allowed to do so. However, a student may 
ask for help as he or she becomea stalled in carrying out a 
certain procedure. At this point the teacher may refer the 
student to the "How To" Cards as a source of information. 
USMES "How To" Cards are designed to provide the assis-
tance needed for acquisition of specific skills or knowledge. 
There is no definite sequence to the sets, and they should 
not be used as programmed learning material to be introduced 
one by one out of the context of the children's open investi-
gation of a practical problem. 
"How To" Cards are divided into two main groups: the 
regular "How To" Cards that cover math and science skills, 
such as graphing, measurement and electricity, and the Design 
Lab "How To" Cards that cover hands-on or construction skills 
usually encountered in the Design Lab. (The USMES Guide, 
1976, p. 87) 
BIOLOGY 
B 1 How to Plan a Home for Your Small Animal 
ELECTRICITY 
EC 1 How to Make Simple Electric Circuits 
EC 2 How to Check a Circuit by Tracing the Path of the 
Electricity 
EC 3 How to Make Good Electrical Connections 
EC 4 How to Find Out What Things to Use in an Electric 
Circuit 
EC 5 How to Make a Battery Holder and Bulb Socket 
EC 6 How to Make a Battery and Bulb Tester 
EC 7 Bow to Find Out ~1y a Circuit Does Not Work 
EC 8 How to Turn Things in Electric Circuits On and Off 
EC 9 How to Find Out Why a Bulb Sometimes Gets Dim or 
Goes O~t When Another Battery is Added to the 
Circuit 
EC 10 How to Connect Several Things to One Source of 
Electricity 
EC 11 How to Draw Simple Pictures of Electric Circuits 
GEOMETRY 
G 3 How to Construct a Circle Which is a Certain 
Distance Around 
··~ -· -\,-.. ~·"'!' .......... ~,.~-....,-.·~-~--- --~-- .. --·-··~-··""' ---~-.. -·---- ··-· -·~-.-----~·- ... -~...,_ .... .-. 
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GRAPHING 
GR 1 How to Make a Bar Graph Picture of Your Data 
GR 2 How to Show the Differences in Many Measurements 
or Counts of the Same Thing by Making a Histogram 
GR 3 How to Make a Line Graph Picture of Your Data 
GR 4 How to Decide Whether to Make a Bar Graph Picture 
or a Line Graph Picture of Your Data 
GR 5 How to Find Out If There is Any Relationship Between 
Two Things by Making a Scatter Graph 
GR 6 How to Make Predictions by Using a Scatter Graph 
GR 7 How to Show Several Sets of Data on One Graph 
MEASUREMENT 
M 1 How to Use a Stopwatch 
M 2 How to Measure Distances 
M 3 How to Measure Large Distances by Using a Trundle 
Wheel 
M 6 How to Find the Speed of a Car 
M 7 How to Find How Many Feet per Second is the Same 
Speed as 60 Miles per Hour 
M 9 How to Make a Conversion Graph to Use in Changing 
Measurements from One Unit to Another Unit 
M 10 How to Use a Conversion Graph to Change Any Measure-
ment in One Unit to Another Unit 
M 11 How to Measure the Amount of Water in the Air with 
a Psychrometer 
M 12 How to Measure the Amount of Water in the Air with 
a Hygrometer 
M 13 How to Measure the Amount of Rain with a Rain Gauge 
M 14 How to Find Wind Speed by Watching What the Wind 
Does 
M 15 How to Find Wind Direction with a Wind Vane 
M 16 How to Measure the Pressure of the Air with a 
Mineral Oil Barometer 
PROBABILITY AND STATISTICS 
PS 2 How to Record Data by Tallying 
PS 3 How to Describe Your Set of Data by Finding the 
Average 
PS 4 How to Describe Your Set of Data by Using the 
Middle Piece (Median) 
PS 5 How to Find the Median of a Set of Data from a 
Histogram 
"' .. -t.,-... ........ -~-....,-.·-~--- -·-------··--··· ----~---·---·-
RATIOS, PROPORTIONS, AND SCALING 
R 1 How to Compare Fractions or Ratios by Making a 
Triangle Diagram 
R 2 How to Make a Drawing to Scale 
R 3 How to Make Scale Drawings Bigger or Smaller 
DESIGN LAB 11 HOW T0 11 CARDS 
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DL 1 How to Make Straight Cuts in Three-Layered Card-
board 
DL 2 How to Make Curved Cuts in Three-Layered Cardboard 
DL 3 How to Cut Slots in Three-Layered Cardboard 
DL 4 How to Make Holes in Three-Layered Cardboard 
DL 5 How to Glue Three-Layered Cardbqard 
DL 6 How to Make a Corner with Three-Layered Cardboard 
DL 7 How to Cut Grooves in Three Layered Cardboard 
DL 8 How to Hold Three-Layered Cardboard While You Work 
on It 
DL 9 How to Make Straight Cuts in Wood 
DL 10 How to Make Holes in Wood 
DL 11 How to Nail Wood 
DL 12 How to Make Curved Cuts in Wood 
DL 13 How to Glue Wood 
DL 14 How to Hold Wood While You Work on It 
DL 15 How to Cut Grooves in Wood 
DL 16 How to Make Wood Smooth 
~L 17 How to Put Wood Screws in A Piece of Wood 
DL 18 How to Put Screws in Hard-To-Get-At Holes 
DL 19 How to Put Screws in Two Pieces of Hard or Soft 
Wood 
, ... .,. •. -t-·~__,.....-....,.,~-..,-.·......,... _____ .... __ , _____ ~_ .. _ .... --~----··--- ----·---·--------.. -~.,... ...... -.. .... 
DL 20 How to Hold Two Pieces of Sheet Metal Together 
DL 21 How to Put Two Pieces of Wood on Metal Together 
with Nuts or Bolts 
DL 22 How to Loosen or Tighten Nuts or Bolts 
DL 23 How to Loosen Hard-To-Move Nuts and Bolts 
DL 24 How to Cut Thin Pieces of Tin 
DL 25 How to Cut Steel Rod 
DL 26 How to Cut Glass 
DL 27 How to Cut Wire 
DL 28 How to Solder Two Pieces of Wire Together 
DL 29 How to Use a Straight Edge when Cutting Wood or 
Three-Layered Cardboard 
DL 30 How to Cut Straight Across a Piece of Wood 
DL 31 How to Tell if Things Are Level 
DL 32 How to Make a Sawhorse 
Taken from The USMES Guide, 1976, pp. 88-91. 
"HOW T0 11 BOOKLETS 
In 1977 USMES published a series of "How To" Booklets 
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as a supplement or alternative to the "How To" Cards. Each 
booklet consisted of sixteen pages. Two versions were made 
available--the Beginning "How To" Series and the Intermediate 
"How To" Series. The following explanation of the purpose and 
use of the booklets is taken from the inside cover of the 
USMES Intermediate "How To" booklets. 
Purpose of "How To" Series 
Materials that help students learn skills designing an 
opinion survey and choosing the appropriate measuring tools 
are not readily available for intermediate grade students. 
The USMES Intermediate grade "How To" series fills this gap. 
Its magazine-style format helps students acquire the skills 
and knowledge they need to do things like redesign their 
classroom, find the best buy in potato chips, or run a 
school store. 
···• • -.-·~-..,..~.--.;-~....,-.·--·-- -~------···-•·• ----. •--·--- - .. --~-------·---r.•.-·-·· 
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How to Use the "How To" Series 
Wait for a need. When a student asks for help, refer 
him or her to the appropriate booklet. Having a student read 
a booklet before there is a need to do so will not only 
result in less effective learning but will defeat the USMES 
purpose of allowing students to decide what needs to be done. 
When necessary, use the "How To" Series as a teaching aid. 
Most of the time students will be able to go through a book-
let by themselves and learn the skills they need to learn. 
However, some material in some sets is difficult and some-
what abstract. When the booklet by itself is not doing the 
job, feel free to step in and help the students go through 
it. 
Knowing how the contents of the booklet are organized may 
help in using the series effectively. 
*The first page tells why or when a student may need 
the skill covered in the booklet, and includes a table 
of contents. 
*Each booklet contains several examples of stories about 
students using the skill or process being taught. Each 
example emphasizes a different aspect of the skill or 
potential pitfall. 
*When information in other booklets may help the student, 
the titles of the booklets are included in the text. 
*The last pages of each booklet contain a summary of 
the points covered in the booklet. 
Measuring 
Graphing 
THE "HOW TO" INTERMEDIATE SERIES 
Use a Stopwatch 
Choose the Right Tool to Measure a Distance 
Use a Trundle Wheel 
Make a Scale Drawing 
Find the Speed of Things 
Choose Which Graph to Make 
Make a Bar Graph 
Make a Histograph 
Make a Line Graph 
Use Graphs to Compare Two Sets of Data 
- ·~ -·---..,.._-~--,.,·--~-.- ~-....-~ - .· . .. 
Collecting Data 
Collect Good Data 
Round Off Data 
Record Data 
Do an Experiment 
Make an Opinion Survey 
Choose a Sample 
Simplifying Data 
Tell What Your Data Show 
Find the Median 
Find the Mean 
Find the Mode 
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Find Different Kinds of Ranges 
Use Key Numbers to Compare Two Sets of Data 
-·· .. --- -- ~. ·-~'""'' .•.. -~.~·-··-·,.. ... ·~ .. -~,_ ......... . .. 
297 
APPENDIX C 
KEY ELEMENTS IN A USMES INFORMATIONAL MEETING* 
Introduction to USMES philosophy and units (30-60 minutes) 
• slide/tape show 
• videotape(s) of classroom activities 
• question and answer session 
• information brochures 
Experiencing real problem solving by working on an USMES unit 
challenge at adult level (45-90 minutes) 
• discussion of challenge 
• tasks and priorities defined 
· observation 
· data collection 
• construction work as needed 
· data representation and analysis 
• action on challenge 
· group discussions on any aspect of process 
Discussion of real problem solving and its place in the total 
school program (10-20 minutes) 
Discussion of USMES resource materials (20-30 minutes) 
· Design Lab (types, inventory, cost, scheduling, staffing, 
safety) 
• "How To" Cards 
• USMES Guide 
· Teacher Resource Books 
• Background Papers for teachers 
• Design Lab Manual 
• Curriculum Correlation Guide 
Discussion of classroom strategy and teacher's role in USMES 
(5-10 minutes) 
Discussion of skills and concepts in USMES units (5-10 minutes) 
· Listing of skills/concepts covered in hands-on activity 
carried out during session. 
· Review of skills charts in USMES Guide and Teacher 
Resource Books 
*From Preparing People for USMES: An Implementation Resource 
~. 1975, p. 6 • 
.• ,_. -:.---~+<;+ ~ . ..---- -·~---- ------··- ... ---~-··"···---· 
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Discussion of USMES evaluation and documentation program 
and data (5-10 minutes) 
Discussion of USMES implementation program (5-10 minutes) 
• Map showing extent of implementation 
• Magazine articles and newspaper clippings 
APPENDIX D 
OBJECTIVES OF BENNETT COLLEGE* 
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1. To enable students to become liberally educated by 
acquiring a broad range of knowledge, understanding, 
and appreciation in the natural sciences and mathematics, 
the social sciences, the arts, and the humanities. 
2. To insure adequate preparation in specialized fields 
to make possible the successful pursuit of a given 
career and/or graduate study. 
3. To provide for the students those kinds of learning 
which will enhance and strengthen their critical and 
analytical abilities. 
4. To provide a climate for the development of democratic 
values by emphasizing broad participation in discussion 
and decision-making, exercise of democratic freedoms, 
respect for the dignity and rights of all individuals, 
and concern for the common welfare. 
5. To develop the desire to aid in the solution of social 
problems by a critical and objective analysis of current 
social issues on the local, national and international 
scene. 
6. To provide opportunities for students to become mean-
ingfully acquainted with the world of work. 
7. To provide opportunities for growth in spiritual 
awareness and understanding which will enable the 
-·•·--- • --· ~~ , _ _., -··-------_.,)OV:r.-.. ,..,_., 
~~ .----- ---~-
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student to formulate values and a philosophy of life 
in keeping with the principles of a church-related 
college. 
8. To stimulate an appreciation for the aesthetic in every-
day living. 
9. To provide a core of experiences which contribute to 
the formation of values essential to the maintenance 
of sound and effective home and family life. 
10. To provide an environment that encourages the discovery 
of new knowledge, and ways of using existing know-
ledge. 
*Bennett College Catalog (1974-1978), p. 11 • 
... -·- -t.,---~o:t~..,...,....--,~~---- -·~---- -----~- ...... --~---------- ------·~-----.-·~_,.-,,.. ____ ."'"'' 
APPENDIX E 
MATERIALS HANDED OUT OR USED IN THE EXPERIMENTAL 
AND COMPARISON SECTIONS OF MATH 102 
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APPENDIX E-1 
MATHEMATICS 101 
Modern Mathematics I 
Fall Semester, 1978 
Instructor: Ray Treadway 
COURSE OUTLINE 
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Textbook: Mathematics, An Everyday Experience, C. D. Miller 
and v. E. Heeren. Scott, Foresman and Co., Glen-
view, Illinois, 1976. 
Competencies 
1. The student should show mastery of skills with integers, 
fractions, decimals, percents, negative numbers, graph-
ing, and algebraic expressions. 
2. The student should be able to analyze statements, in 
order to determine whether or not a given argument is 
logically sound. 
3. The student should be able to work exercises and solve 
real-life problems involving number sequences, simple 
and compound interest, the geometry of shapes, and 
measurement. 
4. The student should be able to solve simple linear equa-
tions and linear inequalities, to graph them, and be 
able to solve linear programming problems from applied 
situations. 
5. Upon completion of the course, it is hoped that the stu-
dent will have some insight into the nature and structure 
of mathematics, an increased ability to solve problems, 
an appreciation of the role of mathematics in our 
culture, and an increased ability to use logic in 
reasoning. 
Implementation 
The competencies will be gained through the use of (1) 
textbook reading and problem solving (homework), (2) class-
room lecture and discussion, (3) computer-assisted instruc-
tion, (4) consultation with the instructor, and (5) tutor-
ing. 
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UNITS 
I. Review of fractions, decimals, signed numbers, per-
cents and formulas. 
A. Pretest 
B. Analyzing results of pretest 
II. Number Sequences 
A. Arithmetic Sequences 
B. Geometric Sequences 
C. Other sequences and applications 
D. Exponents and large numbers 
E. Prime Numbers 
III. Consumer Mathematics 
A. Interest-- 1) Simple and 2) Compound 
B. Buying a car and/or house 
C. Life Insurance 
IV. Ways of Thinking 
A. Sets 
B. Logic 
c. Applications: direct statement, converse, contra-
positive 
V. Geometry of Shapes 
A. Triangles 
B. Pythagorean Theorem 
C. Polygons 
D. Polyhedrons 
E. Similar Figures 
VI. Geometry of Measures 
A. Metric System 
B. Areas 
1. Quadrilaterals 
2. Triangles 
3. Circles 
c. Volumes 
VIII. Linear Programming~ 
A. Coordinate system and graphing points 
B. Linear Equations and Their Graphs 
C. Linear Inequalities and Their Graphs 
D. Maximizing/Minimizing Linear Functions under 
restrictions 
*If time permits • 
. .. , -· -;,:~ ... -.,.--.,.-,~~~·---- _, ___ " __ -· _ .... -·~- --~-_.,._ _______ •. ••••-••.,..L,., J.;_;;.~,;;,,;._•_..• ... ..,,..;.._...>~"<.r.'"'"'•-..-~- - ,· ., 
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Computer-Assisted Lab 
Programs written by Bennett Mathematics faculty will be 
used to cover the following topics at the computer terminals. 
The student will progress at a pace suitable for the student, 
although a minimum number of topics is required. 
A) Fractions B) Decimals C) Negative Numbers 
D) Evaluating Expressions E) Properties of real numbers 
F) Linear Equations G) Linear Inequalities 
[unit VII was not covered in Math 101 due to lack of time. 
This unit was covered in the control section Math 102-02 
in the Spring·] 
-:..-·-- ~--·------- -·------·-··-·-'- ----.-. --··---....... __ ,..._,. .... ~ ..... _1:;...,..;, • ._•..-.• ....... *-*"""'· .... -.._ .... 
APPEND IX E-2 
Mathematics 102-02 
Modern Mathematics 
Spring Semester 1979 
Instructor: Ray Treadway 
COURSE OUTLINE 
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Textbook: Mathematics, An Everyday Experience, C. D. Miller 
and V. E. Heeren. Scott, Foresman and Co., 
Glenview, Illinois, 1976. 
Competencies 
1. The student should show mastery of arithmetic skills, 
using formulas and solving linear equations, graphing 
simple sentences in one and two variables, and using 
basic statistics. 
2. The student should be able to work exercises involving 
linear inequalities (solving and graphing), mean, 
standard deviation and frequency distributions of a 
set of data, interpretation of data from a normal 
distribution, area and volume of geometric figures, and 
computer programs in BASIC. 
3. Upon completion of the course, it is hoped that the stu-
dent will have an increased ability to solve real-life 
and word problems. 
Implementation 
The competencies will be gained through the use of 
(1) textbook reading, (2) homework, (3) classroom lecture 
and discussion, (4) computer-assisted instruction, (5) con-
sultation with instructor, (6) feedback from quizzes and 
homework, and (7) tutoring. 
UNITS 
I. BASIC GRAPHS 
A. Coordinate system in two variables~ locating points 
B. Graphing straight lines 
C. Graphing parabolas, ellipses, circles, and hyperbolas 
D. Functions 
····~. -;.··---~--.. ---- -...-.·------~-- ... -- .... ----. -, ---·----··----·-.--.·-------... -·.-·-
I I. More GRAPHS 
A. Linear Inequalities 
B. Linear Programming 
III. PROBABILITY 
A. Basic Definitions 
B. Multiple Part Experiments 
c. Complementary Problems 
D. Counting Methods 
E. Multiplying and Adding Probabilities 
IV. Statistics 
A. Tables and Graphs 
B. Averages (Mean, Median, and Mode) 
c. Variability 
D. The Normal Curve 
E. Sampling 
F. Misuses ofStatistics 
V. Applications of Probability and Statistics 
Units will be chosen from the following depending 
on time 
A. Survey--A project 
B. Curve Fitting 
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c. Probability in Genetics, Health, Games and Puzzles 
D. Further use of normal curve--Binomial Distribution 
VI. Computers 
A. History 
B. Computer Arithmetic 
C. Parts of a Computer 
D. Simple Program Statements in BASIC 
The Computer-Assisted Instruction Laboratory 
I. 
II. 
III. 
IV. 
v. 
VI. 
VII. 
Linear Equations 
Linear Inequalities 
Measurement 
Computer Program 
Functions 
Factoring* 
Quadratics** 
* and ** denote extra credit 
.. , -· -'1;,.·---~~-.-.....------·-.~-- ... ---·· ... --· ..... ----.. ...P-•··------ ·-· 
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Grading 
I. The Class grade 
A. Homework (120 points) 
B. Test 1 (On Units 1, 2 and 3) (100 points) 
C. Test 2 (On Units 4, 5 and 6) (100 points) 
D. Project (statistics and normal curve) (100 points) 
1. Semester average = (sum of scores of A, B, C, 
and D)/4 
2 • Final Exam 
Class grade: If the semester average is greater than 
the final exam, then class grade = .67 (sem. ave) 
+ .33 (final exam) 
If the semester average is less than the final exam, 
then class grade= .6 (sem. ave.)+ .4 (final exam) 
II. Lab grade 
1. Semester lab ave. = (sum of points on required 
topics/total possible) x 100 
Required topics: linear equations, inequalities, 
measurement, functions, working computer program 
2. Written final exam on computer topics 
Lab grade= 2/3 (semester lab ave.) + 1/2 (final exam 
in lab) 
III. Overall grade: (2/3) Class grade + (1/3) lab grade 
90 or above, A~ 80-89, B~ 70-79, C~ 60-69, D~ Below 60 F 
Attendance 
Attendance in class and laboratory is required. More than 
three unexcused absences will result in the student being 
dropped from the course, either with a DP or a DF (after 
the first nine weeks, a DF is automatic). Excuses are to 
be negotiated between the student and the instructor, but 
a written excuse from the proper authority is helpful. 
Excuses for absences on days of tests must be approved before 
the time of the class (contact the instructor ahead of time)~ 
in case of an emergency, a written note is necessary. 
~~~':".......,.., "- ---- ... -- -· 
APPENDIX E-3 
CAI MATHEMATICS 
1978-1979 
GRADING 
The units required for each course during the first 
semester are listed below: 
Math 001 
FRACTIONS 
DECIMALS 
NEGATIVES 
REAL NUMBERS 
ALGEBRAIC EXPRESSIONS 
Math 101 
FRACTIONS 
DECIMALS 
NEGATIVES 
RE!\L NUMBERS 
ALGEBRAIC EXPRESSIONS 
LINEAR EQUATIONS 
Math 102 
INEQUALITIES 
MEASUREMENT 
FUNCTIONS 
FACTORING 
QUADRATICS 
Math 103 
FRACTIONS 
DECIMALS 
NEGATIVES 
REAL NUMBERS 
ALGEBRAIC EXPRESSIONS 
LINEAR EQUATIONS 
INEQUALITIES 
Math 104 
INEQUALITIES 
MEASUREMENT 
FUNCTIONS 
FACTORING 
QUADRATIC EQUATIONS 
POLYNOMIALS 
Math 105 
ALGEBRAIC EXPRESSIONS 
LINEAR EQUATIONS 
INEQUALITIES 
MEASUREMENT 
FUNCTIONS 
FACTORING 
Grading Procedures 
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1. The minimum number of required units must be completed. 
A grade of zero will be assigned for lessons not com-
pleted. 
2. '!'he grade will be determined by 
number of correct responses x 100 total number of possible responses 
.,....,...--.:;~--,-. ··---- ------ --·--·-·· ---~--···-- ------~ ___________ .. ____ ~ .. - . .. 
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3. If a student completes work beyond the required units, 
her score can be increased as follows: 
For each additional topic completed the score will be 
increased by the number of points indicated 
90-100 
80-89 
70-79 
60-69 
5 points 
4 points 
3 points 
2 points 
4. If a student completes all the required units, she may 
do some additional drill and retake tests on which she 
made grades less than 70 . 
.. , .... -t,.-··~...,.,.._,__,~~...,.-... -----·-~--~--·-··--··-- --~-·---
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APPENDIX E-4 
Preliminary Tests 
MATH 102 TOPIC TESTS 
Name ________________ __ 
PRETEST Show work for Partial Credit. Give the answer 
clearly. 
I) Algebraic Expressions 
A) Evaluate 4x + 2x2 /3 + 3 when x is 6 
Answer ----------------------
B) Simplify (Combine Like Terms) 
2 2 4x - 3x + 1 + Bx + 2y + Sx - 4 
Answer ----------------------
C) If x and y stand for numbers which are related by 
y = 3-4 (x+S)- x 2 , find the value of y which makes the 
equation true when x is -1. 
Answer ______________________ _ 
II) Linear Equations and Inequalities 
A) Solve for x: 
Sx - 3 = 2x + 1 
Answer ______________________ _ 
B) Solve for x 
2 4 
3x=s 
C) What values of x (where x can be any real number) 
satisfies -3x + 4 ~- 8 ,... 
Answer ______________________ _ 
...,. . __....,.-.·------- -·.-------·· ... --.-- ----~---·--- --- ·--·--·-----,._,..-·---~-~r---_... .. ..... . 
III) Use the quadratic formula to solve the equation 
3x2 + Bx - 3 = 0 for x. 
The quadratic formula states that if x satisfies 
ax
2 + bx + c = 0, then 
either x = -b + Jb
2 
- 4sc 
2a or x = 2a 
- 4ac 
Answer or ------
311 
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Math 102 Topic Tests (Pretest) p. 2 Name __________ __ 
IV) Graphing 
A) Graph the set of integers satisfying 
-5 ~ X < 3 
~ 0 0 0 0 Q 0 0 0 0 a 0 0 0 0 0 a a 0 
-5 0 5 
B) Graph the set of real numbers satisfying 
X ~ -2 :;--
0 Q Q n a g o a o o n n Q g n 0 n g a 
-5 0 5 
C) Use the coordinate system below to find the coordinates 
of the labeled points. 
•fly 
~ 
z X . 
11 
X( ) Y( ) Z( ) 
<<0< -- -~--~--...,..,....,.._ -"'"-"'""""<'"~---,-~----- ·--·- --···-··· ------;----·--- -
~~ < ____ .,. _____ _ 
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D) Graph the following points by marking a heavy dot in the 
appropriate place and labeling with the corresponding 
capital letter. ,, 
A(2. 5) .il(~1,~3) f'c( ... z,n) 
• •. 
·- !---!-I- - ....... 
_. 
·-~ 
.....!1!11. , X 
• ,, p 
E) Graph the set of all points which satisfy the equation 
y = x + 2. Start by filling in the table below. 
X -2 0 2 
y 
Draw the graph below. 
~ 
; ,.. 
1 ¥ • - I-r-•· 
)' 
.. - 1- r· 1-~- _,. 
(·- I- .... --~ ... 
" 
r- r- - .. 
I) • 
~ , 
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V. Statistics 
A) Find the mean, median, and mode of 7, 2, 4, 3, 7, 8, 2, 7 
Mean 
---------------------------
Median ______________________ __ 
Mode ________________________ _ 
B) Fill in a frequency distribution table for the scores 
7, 9, 9, 8, 4, 6, 6, 7, 4, 3, 6, 7, 6, 4, 5, 6, 2 
tally frequency 
2 or 3 
4 or 5 
6 or 7 
8 or 9 
-:. ... .----~~-------- _, _____ ---~~·· ... ----:'"-·-··---
APPENDIX E-5 
QUESTIONNAIRE 
Spring 1979 
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In an attempt to improve our mathematics courses at 
Bennett, and in particular Mathematics 102, members of the 
mathematics faculty would like your honest evaluation of 
your present feelings toward mathematics and your honest 
opinion toward the course material and method of teaching. 
Furthermore, in a survey that I am doing, I would also appre-
ciate your reactions to some statements about school and how 
you approach solving your ?roblems. You will not be graded 
on your answers~ in fact, you are asked to put your answer 
sheets in a (sealed) envelope without putting your name on 
your sheets. Your answers will be anonymous. 
I-Please respond to each of these statements circling one of 
the five choices. 
SA Strongly agree A Agree 
U undecided or no opinion 
D Disagree SD Strongly disagree 
1. I am always under a terrible strain 
in math class. 
2. I do not like mathematics and it 
scares me to have to take it. 
3. Mathematics is very interesting to me, 
and I enjoy arithmetic and mathematics 
courses. 
4. Mathematics is fascinating and fun. 
5. Mathematics makes me feel secure and, 
at the same time, it is stimulating. 
6. My mind goes blank and I am unable to 
think clearly when working mathematics. 
7. I feel a sense of insecurity when 
attempting mathematics. 
8. Mathematics rr.akes me feel uncomfort-
able, restless, irritable, and 
impatient. 
9. The feeling that I have toward mathe-
matics is a good feeling. 
SA A U D SD 
SA A U D SD 
SA A U D SD 
SA A U D SD 
SA A U D SD 
SA A U D SD 
SA A U D SD 
SA A U D SD 
SA A U D SD 
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10. Mathematics makes me feel as if I were SA A U D SD 
lost in a jungle of numbers and I 
can't find my way out. 
11. Mathematics is something which I enjoy SA A U D SD 
a great deal. 
12. When I hear the word mathematics, I have SA A U D SD 
a feeling of dislike. 
13. I approach mathematics with a SA A U D SD 
feeling of hesitation, resulting 
from a fear of not being able to do 
math. 
14. I really like mathematics. SA A U D SD 
15. Mathematics is a course in school which SA A U D SD 
I have always enjoyed studying. 
16. It makes me nervous to even think SA A U D SD 
about having to do a mathematics 
problem. 
17. I have never liked mathematics and it SA A U D SD 
is my most dreaded subject. 
18. I am happier in a mathematics class SA A U D SD 
than in any other class. 
19. I feel at ease in mathematics and I SA A U D SD 
like it very much. 
20. I feel a definite positive reaction SA A U D SD 
to mathematics~ it is enjoyable. 
Write a few sentences on the back about how you feel about your 
previous mathematics courses, in particular, Math 101 or a 
similar "general education" course, in response to each of 
these questions. 
21. Do you feel that the instructor ONLY should choose the 
topics in mathematics for the student to learn or should 
the students have some say in what topics are studied? 
Explain. 
22. How do you learn best?--by following a teacher's lecture, 
reading the text, doing the homework problems, becoming 
involved in an activity or interest to you, or by some 
other means? Explain. 
-:.-.. ._._.~~-· ---- -·~---------~·-""" ----.-,--·-··--- ·-·- --·--------..-----';<0"....,..,_._ ....... ~· 
~~ -.----· -·-:--··-
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23. Do you feel frustrated and lost in learning if the 
instructor does not indicate what pages in the textbook 
you should read and which questions should be answered? 
24. What previous experiences in math classes have led to 
your like or dislike of mathematics? 
.... -· -:.-.. ~ .... ..,..-.... 'C"·~-~..,-.------ -- .. ---··---·~--~·- --~--··--- ·-· --·---..-.----........----·-... ·-:..-.--.. ~~ -
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APPEND IX E-6 
Information Sheet--Background and Interests of Students 
Name __________________ __ Campus Box Number ____________ __ 
Course: Math Section ----- ---------
Previous Math Courses: High School 
at Bennett (or other college) 
What is your major or special interest~----------------------
If you could choose any topic in mathematics which you might 
find interesting and/or useful, what would the topic be? Why? 
What sort of uses for mathematics do you expect to have in the 
near future or in your major field? 
Lab ID Number (four digit number) ___ _ Lab Day and Time ____ _ 
How far did you get in the CAI lab last semester (what topic 
are you working on now)? 
Problem 
Grading Solving Questionnaire Homework 
#1 #2 #3 #4 
Absences #1 #2 #3 #4 #5 #6 
Topic Tests Scores 
#1 #2 #3 #4 #5 #6 
Test scores #1 #2 #3 Final 
S/U scores grade 
Mid-sem ave grade 
-;.·"-· -~~~......-...--·- __ .. _______ .... _., __ .,. ----~---·--- --- -·---··--...-------,..,_--... , 
APPENDIX E-7 
COURSE OUTLINE 
MATHEMATICS 102-01 
Modern Mathematics 
Spring Semester, 1979 
Instructor: Mr. Ray T. Treadway 
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Textbook (reference): Mathematics, An Everyday Experience. 
c. D. Miller and V. E. Heeren. Scott, Foresman and 
Co., Glenview, Illinois, 1976. 
Special Note 
This course is being taught in an experimental manner in 
connection with a research project. Statements about imple-
mentation and content may be modified on the basis of the 
experiences of the research. 
Objectives 
1. The student should be able to confront a problem from a 
real-life situation, to make observations and gather data, 
to analyze the data using mathematical and other skills, 
and to arrive at a workable and reasonable solution to 
the problem. 
2. The student should be able to perform arithmetic opera-
tions by hand and calculator; solve linear equations; 
solve linear inequalities; find perimeters, areas, and 
volumes; and evaluate functions (computer-assisted 
instruction competencies). 
3. The student should be familiar with the basic concepts 
of mathematics such as number, equations and inequalities, 
functions, graphing, deductive and inductive thinking, 
and statistics. (The specific skills acquired in these 
areas will be determined by the interests of the students 
and the requirements for solving a chosen problem.) 
4. The student should learn the basic principles of computer 
programming and be able to write a simple program in the 
BASIC language. 
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5. The student should be able to take responsibility for 
her own learning, for keeping track of progress she is 
making, and for self-assessment of the quality of her 
learning. 
6. Upon completion of the course, it is hoped that the stu-
dent will be able to pose a question in connection with 
solving a problem of relevance to her, to find some simple 
mathematical models, and to manipulate the model math-
ematically to find a solution, using observation, reason-
ing, and factual knowledge. 
7. Upon completion of the course, it is hoped that the stu-
dent will have a feeling that mathematics can be worth-
while and relevant and that she will have increased 
confidence in her ability to think and to use mathematics. 
Implementation 
1. The students will be presented several real and practical 
problems which (it is hoped) will apply to some aspect 
of their daily lives and which will be of some direct 
interest to the students. Each student will select a 
problem to pursue and will work in groups with others also 
interested in the same problem. 
2. The students are to decide how to proceed in solving the 
problem, to make observations, gather data, draw graphs, 
analyze the data, form and test one or more hypotheses, 
and take some final action or form conclusions. 
3. When the students find that certain facts, skills, and 
concepts are necessary to pursue their investigation, they 
will consult references, including portions of the text 
book (reading and working problems). The teacher may, 
when appropriate, spend part or all of a class period 
discussing a needed topic, thereby serving as a resource 
person. 
4. The teacher will stimulate activities in the class as a 
coordinator and collaborator, assisting groups or indi-
viduals as they need help. 
5. The students will keep a record of the work they are 
doing, produce graphs, models, and reports, and choose 
mathematical topics they wish to study and be checked 
on. By keeping a record of the work a student is doing, 
it will help the student to see the development of skills. 
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6. Work on the computer terminals (CAI) and study of math-
ematical references--reading explanations, drill, prac-
tice, and testing on specific topics--will allow the 
student to learn at an individual pace. 
UNITS 
I. Problem Solving Challenges (to be covered by students 
depending on interest). 
A. Using Free Time 
B. Consumer Research 
c. More Effective Ways to Learn/Teach 
D. Ways to Serve Large Numbers of People 
E. Maximum Profit, Minimum Cost 
F. Other 
II. Mathematical Concepts (to be considered by students 
depending on requirements for solving problems and 
interest) 
A. Fractions/Percentages/Decimals 
B. Consumer Math (money/finance 
c. Measuring (length, area, volume, time, weight) 
D. Estimating, Approximating, Rounding Off 
E. Organizing Data (tallying, ordering) 
F. Statistical Analysis (mean, median, mode, ranges, 
probability, interpretation of graphs, normal curve, 
correlation) 
G. Opinion Surveys/Sampling Techniques 
H. Functions/Graphing 
I. Ratios (r.ates/slopes) 
J. Maximum and Minimum values 
K. Equations and Inequalities 
L. Other 
III. Computer Topics 
A. Parts of Computer 
B. Components of a Program 
c. Keywords of BASIC 
IV. Computer-Assisted Instruction 
A. Solving Linear Equations* 
B. Linear Inequalities* 
c. Measurement* 
D. Functions* 
*Required. 
····- -- -;.-· .. ~~----=-- .... ....,... _____ .. , _____ ~·-···-~- ... 
E. Writing a Computer Program* 
F. Factoring 
G. Quadratics 
References 
How To Booklets, Educational Developmental Center/USMES, 
Newton, Mass., 1976. 
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APPENDIX E-8 
MATHEMATICS 101-01 
Possible Grading Procedures 
Evaluation and Grading: 
Since this course is designed to help a student learn 
to solve problems (using mathematics} so as to better func-
tion in daily life, rather than learning specific mathemat-
ical facts and skills, it follows that the process of eval-
uation could (or should} be drastically different than the 
usual process of homework and tests. 
The following argument can be made. Tests are sometimes 
artificial and not consistent with the objectives of a real-
life problem solving approach. Tests put pressure on students 
to memorize for the moment (forgetting soon afterward}, 
create ar~iety, and force students to compete against one 
another. An alternative approach is to set guidelines for 
A, B, C, and D work, against which the students can judge 
their own progress. 
Grading alternative I: Homework, Two tests, Topic tests, 
Project, and Final. Each of these will be scored numer-
ically 1-100 and a weighted average computed. A student's 
grade is reduced to a numerical value which determines the 
grade. 
Grading alternative II: Mutual assessment of self-collected 
evidence. (I} The student will keep a written document, 
i.e., journal or notebook, in which she will write up the 
work she has done, the attempts, the results, and the impres-
sions of that work. This written document will include any 
drill work done by the student in the process of learning 
a particular topic or skill. Continual evaluation by the 
teacher and self-evaluation by the student will take place 
throughout the semester. Furthermore, the student will 
choose topics of interest to her which she will study, using 
a textbook, teacher lecture, or tutorial practice, and in which 
she will demonstrate competency by taking a short test (which 
can be repeated up to three times}. 
Format for Grading 
Activities 
I--Problem Solving Skills 
A) Analyze what the problem is, make 
a clear statement of the various 
aspects of the problem, suggest 
approaches, set priorities 
Evidence 
Written statement 
.... -· -:.·~ .. ~~--~--------'"'------..... -..... --~-·-·---·--
B) Collect data and information 
(Surveys, experiments} 
C) Analyze data and interpret data 
D) Use materials 
E) Come to conclusions and give 
supporting evidence 
II--Learn specific mathematical topics 
and skills (with approval of 
instructor} 
III--Self-evaluation 
Write a summary (at least 3 pages} 
of impressions of and attitudes 
toward the problem-solving approach. 
Indicate "what I have learned." 
IV. Final Examination 
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List of findings 
graphs 
graphs 
computations 
charts 
written statement 
description of 
sources, findings, 
work done 
written statement 
pass "attainment" 
tests 
--3 tries allowed 
written statement 
Due Monday: Write a page (or so} on "how I think the grade 
ought to be determined. 11 Include the kind of evalua-
tion--do you want to take tests? etc.--what is fair? 
If you feel that alternative II is reasonable, then 
indicate how an A, B, C, and D should be determined. 
How should the final exam be counted? Should a numerical 
grade be determined? If so, how? 
Computer-assisted instruction: 1/3 of overall grade. 
The grading procedure for the Lab has been determined by the 
Mathematics Department and a numerical grade will be deter-
mined as follows: 
Required Topics: Linear Equations, Lj,near Inequalities, 
Measurement, Functions, Computer Program (Extra credit may be 
earned by working beyond these topics}: Grade (Points on 
the tests--total/No. of possible points} x 100 
WRITTEN FINAL EXAM 
LAB SCORE = 1/3 (final} + (2/3} average of test scores 
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APPENDIX E-9 
Math 102-01 Grading Procedure 
Rationale: Since this experimental course is designed to help 
a student learn to solve problems (using mathematics) so as 
to better function in daily life rather than to learn specific 
mathematical facts and skills, it follows that the process 
of evaluation should put an emphasis on the activities of 
problem solving rather than on tests which emphasize memori-
zation. 
Format for grading 
The student will keep a written document, i.e., a journal or 
notebook, in which she will write up the work she has done, 
the attempts, the results, and the impressions of that work. 
This written document will include any drill work done by 
the student in the process of learning a particular topic 
or skill. The notebook will be turned in once every two 
weeks so that the instructor will be aware of the progress 
the student is making and can inform the student of her status. 
Continual evaluation by the instructor and self-evaluation by 
the student will take place throughout the semester. Fur-
thermore, the student will choose topics of interest to her 
or of importance to her, which she will study using a text-
book, teacher lecture, or other source, and of which she 
will demonstrate mastery by taking a short test (which can 
be repeated up to three times). Finally, each student will 
prepare a report on outside reading on a topic dealing with 
mathematics or a project requiring several written pages. 
Activities 
I-Problem Solving Skills 
1. Analyze what the problem 
is, make a clear state-
ment of the various 
aspects of the problem, 
suggest approaches, set 
priorities 
2. Collect data and infor-
mation 
3. Analyze data and inter-
pret data 
Evidence 
Written 
statement 
List of 
findings 
Graphs 
Computa-
tions 
Charts 
Evaluation 
(by instructor and 
student) 
Satisfactory or unsat-
isfactory (rework) -
Satisfactory or unsat-
isfactory (rework) 
Satisfactory or unsat-
isfactory (rework) 
4. Use reference mater-
ials 
5. Write up conclusion 
with supporting 
evidence 
II-Learn specific mathemat-
ical topics and skills 
(with approval of 
instructor) 
III-Report on outside read-
ing or completion of 
(math textbook pro-
ject) 
IV. Self-evaluation 
Written 
statement 
(descrip-
tion of 
sources, 
findings, 
work done) 
Written 
statement 
Pass at-
tainment 
tests--
3 tries 
allowed 
Written 
evidence 
326 
Satisfactory or unsat-
isfactory (redo) 
Satisfactory or unsat-
isfactory (redo) 
Success/Not successful 
Level 2: 
Level 1: 
Level 0: 
Good work 
Adequate work 
Not adequate 
Write a summary (at least 3 pages) Completed/Not completed 
of impressions of and attitudes 
toward the problem-solving approach. 
Indicate 11 what I have learned. 11 
Semester - Class grades 
D Level: Complete all 5 activities in solving a real-life 
problem satisfactorily. Pass 3 topic tests. 
Turn in self-evaluation. 
Write 1 report at level 2 quality. 
C Level--in addition 
Complete three activities in a second problem-solving activ-
ity satisfactorily. Pass an additional topic test (4 in all) 
B Level--in addition 
Complete all 5 activities in a second problem-solving activ-
ity satisfactorily. Pass an additional topic test (5 in all) 
A Level--in addition 
Write a second report at level 2 quality. 
Pass an additional topic test (6 in all). 
Letter grades will be determined by the above requirements. 
If one activity less than the required number is completed, 
a minus (-) will be attached to the grade. If one activity 
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more than the required number is complete, a plus (+) will 
be attached to the grade. 
In counting activities, each topic test passed is worth one 
activity~ a report of level 1 quality is worth one, while a 
report of level 2 quality is worth two. 
Class Grade consists of: Semester grade 
Final Exam 
75% 
25% 
In order to assign a numeric value to the semester grade, 
use the following: 
F depends on number of activities 
D- 62 D 65 D+ 68 C- 72 C 75 
B+ 88 A- 92 A 95 A+ 98 
C+ 78 B- 82 B 85 
ImPortant Notice: In view of the experimental nature of the 
course and the grading system, adjustments may be made if 
it becomes necessary to do so as the semester progresses. 
Any adjustment will be discussed in class ahd clearly 
announced. 
LAB GRADES: 
Required Topics: Linear Equations, Inequalities, Measurement, 
Functions, Computer Programming 
If a student has not completed a required unit and taken the 
test, a grade of zero will be assigned for that unit and 
averaged with the other test scores. 
Extra Credit: If a student completes work beyond the 
required unit, her score will be increased as follows: 
For each additional topic completed the score will be 
increased by the number of points indicated: 
90-100 5 points 80-89 4 points 
70-79 3 points 60-69 2 points 
If a student completes all the required units, she may do 
some additional drill and retake the tests on which she made 
grades of less than 70 in order to improve her score. 
Semester Lab Score = (Total points made)/(Total required) x 100 
WRITTEN FINAL EXAM 
Lab score = 1/3 Final exam score + 2/3 semester lab score 
COMBINED CLASS AND LAB SCORE = 1/3 lab score + 2/3 class grade 
COMBINED CLASS AND LAB GRADE: A 90 and above, B 80-89 ~ 
C 70-79~ D 60-69 • 
.• , -·. -t,.- ... _--~-, .... ____ --~--·----- .. -·~-- --~...,..·--··--- --·· ~··- .. ,.... ........... ________ _.._,v·:..-...... ,.._.,. - . .. 
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APPENDIX E-10 
Mathematics 102-01 
Suggested Questions for Planning an Investigation 
1. How do you decide which product to buy and which brand 
to buy? Do you consider cost? ••• usefulness? ••. avail-
ability? ••• advertising? •.• cost per unit of weight? ••• 
cost per amount of use? 
2. How can we determine whether one product brand is better 
than another? 
3. What does the price of a brand tell you about its quality? 
How can you prove to someone else that the price does or 
does not show how good the brand is? 
4. How c~n you compare the prices of different brands of 
the same product? Why should you calculate the price 
per length, per ounce, etc.? 
5. What are the manufacturer's claims about the product? 
How true are they? 
6. What are the most important properties to test? 
7. How can you find out which product brand people like 
best? 
the 
8. What tests could you make on your product? What will 
your tests and test procedures be? What supplies will 
you need to conduct the tests? 
9. How can you keep a record of your test procedures and 
results? 
10. How can you be sure that your test will give valid 
results, i.e., that the data pertains to the question 
being asked? How can you be sure that the sample item 
or people involved in your test aren't special in some 
way and are truly representative of all the items or 
people being tested? 
11. How can you best make a picture or diagram of your test 
results? 
12. How can you keep a record of your test procedures? 
13. What things affect your testing? Why should you make 
sure that only one thing changes at a time? 
-t.:~ .. ~~---......... --·- ----------·---··4 ---~-··--- ·- --·-·.,·-------·•·:-....---· -
14. How can you make sure that your test is the same for 
each brand? 
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15. Why might it be useful to do a test more than once? If 
you do the Sillne test several times, what do the results 
tell you about accuracy? your test? your product? 
16. Why might it be useful to test more ~han one sample of 
each product brand? 
17. Who might be interested in your findings? 
18. How can you display your data so that it is easily under-
stood by other people? 
19. If you are testing two different qualities of your 
product, is there a relationship between the two? Can 
you find a formula (an equation with two or more unknowns) 
which shows what the relationship is? 
Most of these questions are adapted from Consumer Research 
(Teacher Resource Bookl, USMES/Educational Development Center, 
1976, pp. 39-40 . 
.•• - -t,~ .. ~·~.,...,....---.:,~~----·- ..._ ____ -·-·· .. -· ...... ---.---:----·-----
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APPENDIX E-ll 
Math 102-01 
SUGGESTED TOPICS 
(These topics will be covered in class if there is sufficient 
interest.) No one is required to master any one of these 
topics, but each student must pass from three to six of these 
topics during the semester. This list of topics serves as a 
suggestion of the possibilities~ if you are interested in 
other ideas, please have a conference with the instructor. 
A) Summarizing Data (Central Measures:' mean, median, mode~ 
Variability: range and standard deviation~ Grouping: 
frequency distribution and histogram~ Graphing: line 
graph) 
References: Hand out Sheet #2~ Text: Chpt. 8, Sections 1-2 
Saunders Modular Math Services: Statistics Parts of 
pp. 1-50, Tables & Graphs, pp. 1-17~ Any statistics text 
B) Normal Curve and Hypothesis Testing (Normal Curve, Per-
centages, Testing hypotheses, Binomial problems) 
References: Text: Chpt. 8, Section 4~ Handout# 3~ 
Saunders Modular Math Series, Statistics, pp. 50-63. 
C) Graphs of Points and Linear Equations (Graph points, graph 
a linear equation, given two points find the equation of 
the line through them) 
References: Text: Chpt. 6, Sections 1 & 2, Handout# 4. 
D) Graphing Parabolas, Ellipses, Circles, Hyperbolas 
References: Text: Chapter 6: Sections 3-5. 
E) Graphing linear inequalities/linear programming 
References: Text: Chapter 11, Sections 7-8 
Saunders Modular Series: Algebra 2, pp. 41-48~ Linear 
Programming. 
F) Comparing Two Sets of Data (Scattergrams, Correlations, 
q-q graphs, prediction equations) 
References: Text: Chpt. 9, Section 1, Handout# 5. 
Saunders Modular Math Series 26-31, USMES How To Booklets: 
Use Graphs to Compare Two Sets of Data and Use Key Numbers 
to Compare Two Sets of Data 
G) Probabilities--The Mathematics of Chance 
References: Text: Chapter 7, Sections 1-3, 7 
Saunders Modular Series, Probability~ pp. 1-39~ Jacobs, 
Mathematics, a Human Endeavor (Chapter 8). 
-:. ... "C". ,.......-...,..,..--"""' .... ~*~..,... ·-----·-·----- ---··--... .- -~--·---- ----·-_..a~----~----:.,..,~· ... •••·_- -.'~ 
H) Permutation 
Counting 
References: 
Math Series 
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and Combinations, Fundamental Principle of 
Text: Ch. 7, Sections 4-6/Saunders Modular 
Probability, pp. 39-60. 
I) Numeration and Counting Systems (for Education majors) 
(Numeration systems of other civilizations, other bases) 
References: Text: Chapter 1, Sect. 1-4, also pp. 407-9. 
Saunders Modular Math Series Numeration. 
J) Computers (Computer Arithmetic, Parts of a computer, Pro-
gra!TUT\ing) 
Text: Chapter 10~ Saunders Modular Math Series Computers. 
K) Sets and Logic (For Education majors) 
Text: Introduction Saunders Modular Math Series: Sets 
and Logic 
Many other books 
L) Other topics of interest to you 
~ ..• , -· -'t:-~ .... - ....... -.---....,-.··_..-._. __________ .~-·~ .. --~-·-··-----··--~--_. .. ________ .,.__ ... ,_,._ 
APPENDIX E-12 
Math 102-01 Assignment Sheet and.Guidelines to outside 
reading report 
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Feb.l9: Statement about project: analyze what the problem 
is, make a clear statement of the various aspects of 
the problem, suggest what questions will be asked and 
tests made, how the sample will be determined, and how 
the data will be analyzed. Approximately one page. 
Feb. 22--Questionnaires prepared--start gathering data 
Feb. 26--Take first topic test 
Mar. 2--Turn in title of book and chapter heading of the 
reading material or mathematics textbook material. 
(See guidelines, suggestions below.) 
March 16: Take second (or third) topic test. 
March 19: Turn in list of findings on the data and informa-
tion (surveys, experiments) which you or your group has 
gathered. 
March 26: Conclusions on your project due: include a written 
statement of the sources and findings from reference 
materials, and a conclusion of what your experiment has 
shown you together with a summary of the data. 
(Start second project or equivalent) 
April 6: Report on outside reading due. 
Guidelines for outside reading. 
Read a chapter (ten to twenty pages) from a book or periodical 
on a topic in mathematics of interest to you. The following 
are on reserve in the library and you should look through 
these to get an indication of the kinds of articles which are 
available: 
L. Osen, Women of Mathematics, Cambridge, MA: MIT Press, 
1974. 
E. Bell, Men of Mathematics, New York: Simon and Schuster, 
1937. 
J. Newman, World of Mathematics, New York: Simon and Schus-
ter, 1956. 
Vol. 1: Part II Historical and Biographical 
Vol. 2: Part VI Mathematics and Social Science 
Vol. 4: Part XXI Mathematical Theory of Art 
•• , ........... ,._,~.=. .•. -· ....... .!':-~..;...... ........ ~~- .... .,.- -. 
- .. 
Vol. 4: Part XXIII: 
Part XXIV: 
Part XXV: 
Part XXVI: 
H. Rademacher, Enjoyment 
Press, 1957. 
Mathematics in Literature 
Mathematics and Music 
Mathematics as a Culture Clue 
Amusements, Puzzles, Fancies 
of Math, Princeton: Princeton 
T. Dantzig, Number: the Language of Science, New York: 
MacMillan, 1954. 
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J. Tanur, Statistics: A Guide to the Unknown, San Francisco: 
Holden Day, 1972 (for nonmathematicians--how statistics 
are used: Units include: Man in his Biological World-
Staying Well, Getting Sick and Dying, Men and Animals)~ 
Man in his Political World: Man in his Social World--
Communicating with others, Man at Work, Man at School 
and Play, Counting Man and his Goods, Forecasting Pop-
ulation and the Economy, Measuring Segregation and 
Inequality~ Man in his Physical World) 
Other: Consult with Instructor 
The paper should be the equivalent of 2 or 3 typewritten 
pages. About half of your paper should summarize what you 
have read. The other part should discuss what you feel is 
important, if anything, about the article you read. Any 
quoting of sentences from the article should be in quotation 
marks or indented with footnotes. The main purpose of the 
paper is to show that you have read the material with under-
standing and you have reflected on what you have read. 
Extended Mathematical Problems: May be substituted for out-
side reading. 
See D. Campbell: The Whole Craft of Number, Boston: Prindle, 
Weber & Schmidt, 1976. 
s. Stein: Mathematics: the Man-Made Universe, San Fran-
cisco, Freeman, 1976. 
Belk, Beisher and Crowe, Excursions into Mathematics, 
New York: Worth, 1969. 
-:...-,..__~--""':"'~----- _'"" _______ . ._._,. ___ --~--··---
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APPENDIX E-13 
MATH 102 CHECKLIST OF COMPLETED ACTIVITIES 
NAME. ____________________ __ 
Assignment 
TOPIC TESTS 
First. ________________ __ 
Second. ________________ __ 
Third -------------------
Project 
1. Written statement of 
problem 
2. List of findings: 
data from surveys 
3. Analysis of Data 
4. Written statement 
of use of refer-
ences 
5. Written conclusion: 
what were the find-
ings? 
Report of outside readings 
Good work 
Satisfactory 
Evaluation & Summary 
To be used by student 
Date Completed 
Fourth 
Fifth 
Sixth 
First Second 
(Feb. 19) (Apr. 9) 
(Mar. 19) 
(Mar. 26) (Apr. 23) 
(Mar. 26) (Apr. 23) 
(Mar. 26) (Apr. 23) 
(Apr. 6) (Apr. 20) 
(Apr. 27) 
Deadlines are given in parentheses below each activity. 
Work in the left column is required for a D. Work in both 
columns is required for an A. 
..... -· -~----·~.~..,.......-~~.....,----- ------·-·-···--··· -··------.. .... • ~ ....... ,. ~ ..... ._:a.l.~ •-r-.~_..;.......-~...- . ........,.-. - . - .. 
APPENDIX E-14 
MATHEMATICS 102-01 
Student Notebooks 
The student is to keep a wri.tten document (notebook) of 
self-collected evidence of the progress and work she is 
doing. 
The notebook should be a record of the work you are doing 
day by day, including the efforts to work problems and to 
answer questions. It can include impressions of your 
experiences. It should summarize material you have read, 
outline activities undertaken, contain exercises you have 
worked in doing homework, and describe progress made in 
doing your project. 
Topic Tests 
Show the work done in doing exercises from the text. 
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Indicate plans for taking and passing topic tests, e.g., what 
material you are studying. 
Include topic tests attempted and those already passed. 
Record time spent in tutoring and in conferences with the 
instructor on the topics. 
Activities 
Indicate what you have done day by day to accomplish the 
activities. 
Summarize what you have read, giving the source. 
Include preliminary drafts of analyzing the problem, collect-
of data, interpreting data, using reference materials, and 
forming conclusions. 
Evidence: Include the specific evidence to indicate that 
you have completed the activity as outlined on 
the grading sheet. These artifacts include 
written statements, graphs, tabulated data, 
computations, charts, and summaries of use of 
reference materials. 
Include impressions of your experiences. 
Outline any problems and difficulties you have had and what 
you have done to overcome them. 
Project 
Indicate and summarize the reading you have done and progress 
made. Give sources. 
If you are working on a report, indicate what the topic is 
and give an outline as soon as you have developed one. 
··~ _, -:.·-~~-----=--~-~·-·- ----·---·--·· ... -·--- ·-" ·-·-·,.,·~r··--,.,..._-,._--..,-·r,_. .., •.. 
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If you are working on a mathematical problem such as a com-
puter program, research into teaching arithmetic, use of 
mathematics in business, etc., indicate progress you are 
making. 
Evidence: Written report (see guidelines on separate paper). 
Indicate conferences with instructor or with outside persons 
who are giving advice. 
Other 
What topic in CAI are you working on, what progress are you 
having, and what difficulties are you having? 
Which lessons have you completed? 
Important Note: The,above guidelines are only suggestions. 
It may not be appropriate to include all of the suggested 
tasks, while other kinds of statements or evidence may be 
desirable. · 
,.., .... ·-'- ·.....-~..-----""~~---:-. ~----- -·--- .. -- -·- _ ........ 
APPENDDC E-15 
RESOURCE SHEETS 
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RESOURCE SHEET #1 
Choosing a Sample and Collecting Data 
1. Before you begin a statistical experiment, you must 
decide carefully what question you want answered and 
you must identify what group of people or things about 
which you are asking the question or questions. 
2. You should decide whether to conduct your experiment on 
all possible items or on just part of it. In most cases 
asking questions about all possible items (all the 
batteries in the state or all the students at Bennett 
College) is too involved, expensive, and time-consuming, 
so questions are asked about a sample of the items, a 
relatively few items chosen so as to be representative 
of the entire population. 
3. The sample must be as unbiased as possible~ otherwise 
your sample might not give you the right results. 
a. Decide what groups or group you are interested in. 
b. Decide whether you want to compare two or Qore groups. 
c. Decide how big the sample should be by looking at 
the table below. (The table reflects statistical 
theory, particularly that involving the normal curve--
see Miller and Heeren, Mathematics an Everyday 
Experience, pp. 328-341) 
Table I 
Size of Group 
50 
100 
200 
300 
400 
500 
600 
1000 
Over 1000 
Size of Sample 
if not comparing 
groups 
23 
Size of Sample 
if comparing 
groups 
29 31 
34 45 
36 53 
40 58 
40 62 
40 65 
40 71 
40 80 
(From How To Choose a Sample, 
Center Publication) 
USMES/Education Development 
d. Pick the sample from the population by random sampling, 
stratified sampling (see any statistics book), or by 
some means in which every item in the population has 
an equal chance of being chosen to be in the sample. 
Then collect the data. 
-- "~ -· -t.·~ ... -if__,. • ..,..,.....,.. •---...~-~--,-... ______ - ------ -~··· -4-- --,.----~--- ·-···-·-- .. ~·--------~--:~~·_....,-• - .... 
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4. The questions should be clearly thought out, unambiguous, 
with no more than five choices for an opinion survey. 
A trial run, perhaps among your classmates, to ensure 
clarity, is very useful. Confusing questions should be 
clarified. 
If you are doing an experiment on products, such as 
testing durability, time, temperature, speed, scores on 
a test, percentage of yes answers to a yes/no question, 
etc., here are some suggestions. 
a) Make a trial or test measurement before beginning, so 
you can see what kind of problems will come up. 
b) Keep everything the same except the one property you 
are testing. 
c) Repeat your measurements several times, or have sev-
eral people do the measuring, trying to keep the brand 
name hidden so that no bias can occur. 
5. Record your data, rounding off as necessary. 
The above is adapted from How To Booklets, Collecting Data, 
USMES/Educational Developmen~ Center; from Marshall Gordon 
and Norman Schaumberger, A First Course in Statistics (New 
York: MacMillian, 1978), Chapter 8; and from Norma Gilbert, 
Statistics (Philadelphia: Saunders, 1976), Chp. 8. 
r----- ~--·-----~- .. -'-.4 ____ ._.,, _ _..__ ·--·--·~-""·---- ... -,...-::,..,•~· ... •··• ' - . . 
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RESOURCE SHEET #2 
CLASSIFYING DATA AND SIMPLIFYING DATA 
TOPIC A 
Once you have obtained a large number of scores or numer-
ical values from your survey or experiment, you need some 
way of analyzing or classifying the scores. It is difficult 
to organize or summarize a set of scores such as 
0,1,10,3,8,4,4,5,7,7,3,7,5,6,7,3,4,5,7,3,4,4,10,7,1 
because there are so many that the mind cannot interpret 
them all at once. How would you summarize the results, 
compare with a similar set of scores, or make a prediction 
based on the score? One frequently used method is to find 
one number which in some sense represents an average or £§n-
tral tendency of the number. A second method is to group the 
data into a few groups (or intervals), between five and fif-
teen groups, and then count the number of scores in each 
group. From this you form a freguency distribution. 
A) Measures of Central Tendency (Averages) 
1. Median: The median is the middle number or measurement 
in a set of data. Half the numbers are above the median 
and half are below the median. Arrange all the scores 
in order from lowest to highest. Count how many items 
of data you have and divide the number of items by 2. 
If your answer is a whole number plus one half, change 
it to the next highest number and count that many scores 
starting with the smallest. If your first answer is a 
whole number, count that many scores starting with the 
smallest and then add the score you stop on to the next 
highest score and divide by 2. 
Medians are used when one or two of the scores are unusually 
high or low and may be due to a mistake or strange circum-
stances. They are also used to indicate the "middle" number. 
The median is not altered by an extreme score (which may be 
an advantage), but it does not take into consideration a 
legitimate extreme score (which may be a disadvantage). 
2. Mode: The mode is the score which occurs most often. 
If you are counting the number of times choices for 
things or opinions occur (qualitative data), the mode is 
the thing that is chosen most often. 
To find the mode count the number of times each score 
occurs. This can be done easily if you arrange the 
scores in order. 
~~~"'!- --~-- .. -~.. -t--.. ~~~·-----·--------~---~ ... ---~-~--~---------·---·--~-.--.r:.-.----~- - .. 
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The mode can be used when your data are categories (such as 
freshman, sophomore, etc.) and number counts. For one set 
of data, the mode is used to find the most frequent count, 
to find the most favored choice, and to find the score which 
occurs most often. The mode is not affected by extreme 
values. However, it is of limited use because it does not 
take into account the value of any other scores. 
3. ~· The mean is the number obtained by adding all the 
scores and dividing by the number of scores in the set 
of data. It represents the number you get when the total 
of your data is split into equal pieces. 
The mean can be used at all times, but it is particularly 
useful when you want to take in account all scores, even if 
some are extreme, because they all are meaningful or are 
likely to occur again. The mean is most useful in making 
predictions about what will happen if the experiment is 
repeated. The mean is also used as a typical number if you 
only know the total amount (sum of scores) and the number of 
scores. 
Example: Scores listed above: Arrange in order 
0,1,1,3,3,3,3,4,4,4,4,4,5,5,5,6,7,7,7,7,7,7,8,10,10 
Median is 5 (12 numbers above, 12 numbers below), Mode: 7~ 
Mean = 125/25=5. 
B) FREQUENCY DISTRIBUTION: The example will explain the 
process. 
The frequency is the number of scores in each class~ 
here only six numbers need to be considered instead of 
Class -.5 to 1.5 1.5 to 3.5 3.5 to 5.5 
Frequenc 3 4 8 
5.5 to 7.5 7.5 to 9.5 9.5 to 11.5 
7 1 2 
25. 
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Resource Sheet #3-1 
Frequently knowledge of the mean, mode, and median of a 
collection of data is insufficient, by itself, to allow ade-
quate analysis of the meaning of the numbers. In addition 
to knowing the measures of central tendency we also need to 
know something about how much the scores vary from each other 
or how much the scores are dispersed. In some situations, 
for example, drilling a hole of diameter 5 em, a mean of 5 
may result from holes of 4.5, 5, and 5.5 and also from 
holes of 4.9, 5.0, and 5.1. The two sets of data have means 
of 5 but the second set is preferable since it displays less 
variation. 
Consider the scores on three versions of a ten question 
quiz given to five students each. Which is the "best 11 quiz, 
i.e., which is neither too hard nor too easy and tells the 
instructor how well students are doing on the material: 
Quiz 1 
Quiz 2 
Quiz 3 
0,5,5,5,10 
4,5,5,5,6 
1,3,5,7,9 
Mean 5 
11ean 5 
Mean 5 
Median 5 
Median 5 
Median 5 
Mode 5 
Mode 5 
No mode 
The mean and median are the same and do not give enough 
information to distinguish about the quizzes. 
The range is determined by largest number - smallest number 
Quiz 1 10 Quiz 2 2 Quiz 3 8 
This measure of dispersion tells how far apart the largest 
and smallest numbers are, but it does not involve any of the 
middle numbers. 
We need an "average distance of the scores from the mean" 
as a better indicator of dispersion. However, if we subtract 
each score from the mean, add the differences, and divide 
the number of scores, we will always get zero: 
Example quiz 3 
((1-5) + (3-5) + (5-5) + (7-5) + (9-5))/5 = 
(-4 + ~2)+ 0 + 2 + 4)/5 = 0/5 = 0 
The negatives cancel out the positives. Hence to make each 
difference positive, we square the differences before adding~ 
then to compensate at the end of the computations, we take 
the square root . 
. " ... -·-·---~....-----,-------- -·--------·--··· ---~~·-··--- ·-· ----~-----~----~-~~-·· .... 
Algorithm for finding the STANDARD DEVIATION of a set of 
data: 
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1. Determine the mean, (Col • 1) Add, X X-m (x-m) 
Divide sum by number of scores = m 1 -4 16 
2. Subtract the mean from each score. 3 -2 4 
(Col. 2 ) x-m 5 0 0 
3. Square each value in Col. 2 I record 7 2 4 
in Col. 3. (x-m)2 9 4 16 
4. Add the values in Column 3. Sum 25 40 
5. Divide the result by the number of 
scores. 25 5 40 5 = 5 
6. Take the square root = s ( s) rs= 2.83 
The average spread--the standard deviation--is 2.83. 
2 
= 
Standard deviations are very useful in computing percentages, 
proportions or total numbers for large amounts of data taken 
from natural circumstances--test scores (sometimes}, measure-
ments of heights, and weights and lengths, and many other 
measurements. The frequency distribution of these large 
number of scores takes the form of a NORMAL CURVE with the 
peak at the mean scores. It can be shown 34% of the 
scores will be between the mean and the mean plus 1 standard 
deviation. See the chart for other values. 
13~'7. 347. 347. 
m•s m m+s 
8 
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Resource Sheet #3-2 
Notes on the Normal Curve 
If 1) a large number of scores are obtained (by testing, 
weighing, measuring, etc.) from items (animals, plants, 
people, naturally occurring phenomenon, etc.) taken 2) from 
the general population, and a line graph is drawn, the graph 
(scores on horizontal axis, frequency on vertical axle) 
will almost always look like a normal curve (see page 330 
of your text). The items to be measured must be chosen at 
random from the general population. 
In a normal distribution the mean, median, and the mode all 
have the same value--which is associated with the axis of 
symmetry running vertically through the highest point of the 
normal curve. 
34% of the scores will occur between the mean and the mean + 1 
standard deviation 
13.5% of the scores will occur between the (mean+ 1 st. dev) 
and (mean+ 2 st. deviations) 
2% of the scores will occur between the (mean + 2 st. devia-
tions) and (mean+ 3 st. deviations) 
A more accurate determination of the percentage of scores 
between the mean and the mean + z standard deviations, 
where z is a~imal fraction, is given by the table on p. 330. 
This percentage of scores is also the probability that an 
item chosen at random will fall between the mean and the 
mean + z standard deviations. 
Example If the mean is 50 and the standard deviation 10, 
what is the probability of a score falling between 50 and 63? 
Use the formula 
score X = mean 
63 = 50 
+ z (st. dev) 
+ z (10) 
Solving the linear equation for z, we get z = 1.3. From the 
tables, z corresponds to 40.3%. 
Note that the normal curve is symmetric, so that if z were 
negative, we can use the absolute value of z to look up 
probabilities in the tables. 
BINOMIAL DISTRIBUTION Suppose an experiment is performed by 
repeating the same process (called a trial) n times, and on 
each trial, there are only two possible outcomes, called 
success or failure. The score for the experiment is the 
-::.-.. ~~~..,....,.-.,.,,._.........,., .. .....,...---·- ---------·----... , ... -
number of successes out of the n trials. These scores 
will "fall on a normal curve." If we know that pis the 
probability of a success on a trial, then 
me an = r;.n.._p'"'""' ___ 
st. dev =vnp{l-pJ 
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Example A manufacturer of ping pong balls, after a quality 
control survey, announced that 75% of its balls were guaran-
teed to be good. The balls were shipped in boxes of 432 
each. (The experiment then is to take each of the 432 balls 
and check to see if they are good or not. Then the number 
of good balls is determined, and this is the score X. Here 
the outcomes are good or~. n = 432 and p = .75). Now 
suppose 1000 boxes (of 432 balls each) are shipped to the 
famous Jordan Sears store, and an employee counts the number 
of good balls in each box, records the 1000 scores, and draws 
a line graph. The graph will be a normal curve with mean = np= 
(432) (.75) = 324 and standard deviation= Jnp(l-p) = 
/432X.75X.25 = J8I = 9. 
34% of the boxes will have between 324 and 333 good balls, 
13% of the boxes will have between 333 and 342 good balls, 
etc. 
297 306 315 324 333 342 
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Resource Sheet #3-3 
Using a Sample to Estimate Results for a Population 
Suppose we want to find the mean and standard deviation 
of a large population {in statistics, this means the entire 
set of scores for any collection of items being tested, not 
just people). Frequently, the population is so large that 
we can not take and measure all the members of the population. 
Hence we are forced to take and choose, at random, a rela-
tively small number of items in the population. We call 
this collection a sample. Mathematicians have determined 
that in order ·for the sample to be a useful indication about 
the population, at least thirty, and preferably more items 
must be chosen. 
A population distribution has a unique mean and stan-
dard deviation: M(P) and S{P). If we take a random sample from 
this population, the sample would determine a particular 
sample mean and a sample standard deviation: M(S) and S{S). 
The sample mean would differ from the population mean, and 
the sample st. dev. would differ from the population st. dev. 
If we took another sample and got another sample mean and 
sample st. dev., these too would differ. How can we know how 
accurate the estimates from the sample are to the true popu-
lation mean and standard deviation? This is where the normal 
curve and some formulas help us. 
If we take all possible samples of a given number, n, 
of items, and compute the means for each of the samples, we 
get a collection of scores {i.e., means) which form a new 
set of scores. These means can be analyzed as any other set 
of scores--we can get the mean of the means M{M), the stan-
dard deviation, and find a frequency distribution and histo-
gram. THE HISTOGRAM OF THE MEANS OF ALL SAMPLES 0~ SIZE 
n FORMS A NORMAL CURVE, if the original data forms a normal 
curve. 
This set of means of samples is called the distribution 
of samples. 
1) If the original distribution is normal with mean M(P) 
and standard deviation S(P), then the sampling distribu-
tion of the means is normal with mean M(M) = M{P) and 
standard deviation S(M) = S(P)/ {i1 
EXAMPLE A weight-reducing program states that in 2 weeks 
time an average person will lose on the average 10 pounds 
if the program is followed exactly. Thirty people who 
followed the program exactly have lost on the average 8.2 
pounds, with a standard deviation of 3.5 pounds. Can we claim 
-:.·• .. ii '="""• ~~·---- -.·----- ___ .. _,...,4 ---,..-~--··--- ·- -- •-.....- •r•'"' ___ ... _ .. _ _..+."'.r...- • ...,,..~ _ "" 
the sample findings are reasonable to accept, or are the 
sample findings different enough from the population to 
cast doubt on the claim? 
Claim that M(P) = 10. We will allow the results to occur 
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95% of the time by chance~ but if the sample results fall 
into the tail end regions of a normal curve (2~~ on each 
side), then we will be suspicious of the claim that M(P) = 10. 
8.2 
n = 30 
S(M) = S(P) 
{30 
8.7 9.4 
Sampling Distribution 
of Means 
S(sample) = 3.5 = 
{30 {3D 
• 64 
X = 10.0 + z(0.64) 
8.2 = 10.0 + z(.64) 
z = -1.8 ~ = - 2.81 which corresponds (see tables) to 
49.7%. 
Reject the claim that the mean is 10. 
-·----- -·· ........ ~~ 'il' :<, .... ~; .. _, .... !'-.... .;...........,.:,. ....... --• .-·. - •· - .. 
~~- ----.-·-·-~·· 
Resource Sheet #4 
Graphs of First Degree Equations 
Equations of Lines 
I. II If two points of a line are qiven, how to find the 
equation of all points (x,y) on the line. 
Example Given two points (1,2) and (4,6), 
you can draw a line through the two 
points. If you let (x,y) be ANY point 
on the line, as in the drawing, two sim-
ilar right triangles'are formed--ABC 
and ADE--since they share a common 
angle at A, and they both have right 
angles. Then the ratios of 
corresponding sides are equal. 
vertical of small 
horizontal of small 
= vertical of large 
horizontal of large 
Hence BC DE Since BC is y-2, CA is x-1 
CA = EA DE is 6-2 and EA is 4-1 
we have ~ _ 6-2 ox y-2 4 • This ratio 
x-1 - 4-1 x-1 = 3 
is called the slope of the line: it is the ratio of the 
vertical change divided by the horizontal change: 
change in y 
change in x 
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The equation is usually written after multiplying both sides 
by x-1: 
4 
y-2 = 3 (x-1) 
General formula If a line goes through two 
given points (xl, Yl) and (yl, Y2) and if 
(x,y) is any point on the line, then the 
equation of the line is 
~ .... - -~-·~ .... --...~---.-·------ ·-------~-·--·- -- -~--··--- ·- --·---... ·-------.....-. .-,--.... , - .· - .. 
y-yl = y2-yl (x-xl) 
x2-xl reo~ 
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Example: The equation of the 
line through (-3,4) and (5,-2) is _....~_.Jr--L-4-o~r I 'f ~ ~ 
~:-(2.) 
y-4 = -;:(_3 ) (x-(-3)) -"' 
-6 3 9 which simplifies to y-4 = -s (x+3) or y-4 =-4 x - 4 
. 3 + l or f~nally y = - ~ 4 • 
Note that the two points (-3,4) and (5,-2) satisfy the equa-
tion. 
II // If an equation in x andy of first degree (no squares, 
cubes, etc.) is given, then the set of all points (x,y) 
forms a straight line through any two points satisfyinq the 
equation. 
Example: 6x-4y=24 is a first degree equation. 
To find any points satisfying the equation, choose any number 
for x or for y, substitute, and solve for the other letter. 
This gives a pair (x,y). 
If x is 0, the equation becomes -4y = 24, so y = -6 (divide 
both sides by coeff of y) 
If y is 0, the equation becomes 6x = 24, so x = 4 (divide 
both sides by coeff of x). 
If xis 2, the equation becomes 24 6(2)-4y = 
The three points line on a 
straight line: (0,-6), 
(4,0) 
( 2 1 -3) 
12 -4y 
-4y 
y 
= 
= 
= 
24 
12 
-3 
----,---·-··--- ·-··· -- ·-- -... ·---~...----~-- ...... ~.--·-·~· ... ~· 
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Resource Sheet #5-l 
SCATTER PLarS 
In mathematics courses you are usually given the equation 
of some relationship and asked to graph the formula. For 
example, you are told that if 
y = 5x + 2, 
then graph the set of all points (x,y) which satisfy the 
equation. (The graph will' be a straight line.) 
Usually, you are not told where the equation comes from in 
real situations. In the unit on LINEAR PROGRAMMING, we saw 
that one source of formulas was the rules or regulations of 
business operations or physical relationships--e.g., the 
price of a ticket is reduced $20 for each additional person. 
Another source of formulas is the gathering data and seeing 
if there is a relationship or an approximate relationship 
which can be put into a formula. We seek a formula which 
will be accurate 11 within three units 95% of the time, 11 etc. 
This involves statistical considerations, particularly the 
normal curve, scatterplots, regression, correlation coeffi-
cients, etc. 
Consider the following: (From David Moore: Statistics, 
Concepts and Controversies, p. 155,6) 
A homeowner is interested in how the demand for heating 
in cold weather affects the amount of natural gas his home 
consumes. Demand for heating is often measured in 11 degree 
days. 11 (To find the number of degree days for a certain day, 
record the high and low temperature on that day and find the 
temperature midway between the high and low. If this tem-
perature is less than 65°F, there is one degree day for every 
degree below 65°F). The homeowner recorded his natural gas 
consumption in cubic feet per day, and also the average 
number of degree days per day, for nine consecutive months. 
Here are the data. 
Degree days per day 
Cu feet gas per day 
Degree days per day 
Cu feet gas per day 
15.6 
5.2 
18.6 
4.9 
28.8 
6.1 
15.3 
4.5 
37.8 
8.7 
7.9 
2.5 
36.4 
8.5 
0 
1.1 
35.5 
8.8 
.. , -·. -t,-.-:~~--·......,..-----------·-------··- -----·--- ·-··-·-~-·-------~-.~~--· - : -. 
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1) Use graph paper and use only the upper right quadrant--
positive values only. Mark a scale for degree days on 
the horizontal axes and cu feet on the vertical axes. 
Make sure your markings are uniform and consistent with 
the number of squares on the graph paper. 
2) Plot the 9 pairs of points in the table above. 
3. From the scatterplot, give a rough estimate of gas con-
sumption on a day with 20 degree days. 
4) The points will not lie on a line, but they will be 
"linearly" oriented. Draw a line through the points 
lightly in such a way that your line comes as close to 
all the points as possible (i.e., minimize the vertical 
distance from the point to the line). 
5) Recall that if you know two points (x1 , y 1 ) and (x2 , y2 ) on a line, then you can write a 
formula for the line by th~ relationship. 
6) Use your formula to check your answer in 3. 
Assignment: Read Chp. 9, Section 1. 
OR 
RESOURCE SHEET #5-2 
Finding the Best-Fit Linear Relationship Between 
Data of Two Variables 
USING A COMPUTER PROGRAM SO WE WILL HAVE TIME 
TO WATCH TELEVISION 
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We sometimes seek to find an "exact" relationship between 
two variables so we can make predictions--if we know some-
thing about one variable, we can use an equation to find out 
a corresponding value of another related variable. "When 
data are processed, the occasion arises for fitting lines, 
curves, or surfaces to represent relations between two or 
more variables. The astronomer predicts the path of a sat-
ellite~ the businessman projects a trend~ the biologist 
relates the size of a growing population to time~ the edu-
cator compares students' college grades with their high 
school grades~ the meteorologist forecasts the path of 
storms~ and the doctor compares the rate of relief from 
pain with the size of the analgesic dose. All such tasks 
involve the fitting of curves. For some problems the work 
is easy and can be done by hand~ for others the calculations 
are horrendous and would not even be considered without modern 
high-speed computers. Nevertheless, the cen~ral ideas behind 
work in curve-fitting are relatively simple.'l 
On a simpler level, we may want to find out if there is 
any relationship between 
the cost of a wooden pencil and 
the number of strokes it takes to wear a sharpened lead 
down to wood 
Step 1: Plot on a graph a dot for each pair (cost, number 
of strokes). 
Step 2: If the dots are approximately in a linear grouping, 
then try to draw a line through the dots until the 
line fits the points well. ("An old and simple 
method of fitting a straight line is to stretch a 
black thread across a graph, and rearrange its posi-
tion until one's eye is satisfied that the thread 
fits the points well. Then the coordinates are 
read at convenient points at the left and right 
edges of the figure. "2) 
1 Mosteller, F. , Rourke, R. , Thomas, 
Statistical Applications (Reading, MA: 
lishing Co., 1970, 2nd ed.), p. 382. 
2Ibid., p. 385. 
G. Probability with 
Addison-Wesley Pub-
·• ··~ -· ~.,., . ,._.....,..~~~-.,., r----- ------ -~· .... -... ·- --~---·--- -----·-- .. ,,·---·---·-~-~ ...... -..... " 
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Step 3: Find the coordinates of two points on the line and 
use these coordinates to find the equation of line--
see sheet 4. 
(x-x1 ) and change to the form y=ax+b 
Step 4: Use this equation or the graph to predict. Take a 
value for a first coordinate, the x-value, and sub-
stitute into the equation. Then evaluate for y. 
Example: Use the black-thread method to find an equation 
for a line fitting the points (0,0), (1,0), (2,1), 
(3,1) (4,2), (5,2) (8,5). 
Class discussion: for each person. Find the points 
(0,?) (6,?) on the line you have drawn. Then 
find the slope a in your equation above. How 
much difference is there among members of the 
class? 
.,, ... - -t.~""~""".--,'C"~-___,., .. _____ .... ~--..._ ____ ,_._ ..... --~--·----- ·•' ... L • ... .,..,,. ~11. ao-o.s;;...;,_._-,_~ ... ,.,....;.,.,..,...-~ro--....,..,.~. - ,· .. 
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RESOURCE SHEET #5-3 
We need a simpler, more direct, more accurate, and quicker 
way to determine the equation of the line which best fits all 
of the observed points. Using the equation in the form 
y = ax + b, we can, knowing a value of x, find a predicted 
value of y. 
Example: Given Observed values: 
X y 
10 10 
' 15 40 
35 40 
Which is the best fit line? 
Yc = 30 
Yc = 6x-50 
Yc = .86x+l2.8 
We will take the best-fit line as the line Yc=ax+b for 
which the sum of all (y-value on line - observed value of y) 2 
is a minimum. 
We understand in summing these squares up that we take the 
values of Yc andy for each point (x,y) in the observations. 
The difference for each point between the given score Y and 
the predicted Yc score is the error of estimation. The 
regression line is the line for which the sum of squares 
of the errors of estimation is minimized. 
Solution of Example 
Yc = 30 
y Yc y-yc (y-yc)2 
30 30 -20 400 
Yc = 6x-50 
2 y Yc y-yc (y-yc) 
40 30 10 100 
.40 30 10 100 
600 
_,.,, _, -;._,,._,.,_.,..,.,..~, - ... ~~_,..,..-.. ~-··- _____ ,. ____ _._ . ..,_...., ---~--·~--- --- -·-w..-.··----,--~-~~-":_,.., ___ _., 
Yc = .86x + 12.8 
Y Yc 
10 21.4 
40 25.7 
40 42.9 
y-yc 
-11.4 
14.3 
2.9 
2 
(y-yc) 
130.0 
204.5 
8.4 
342.9 
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There is a formula, proved by the use of calculus, which will 
give the slope and the equation of the best-fit line. If 
you like formulas, to find the best fit equation, use 
y = ax+b, where 
a= n2...XY- (Zx> (.LY) 
n Zx2 - <2x> 2 
and b = Y - aX1 
where n is the number of points 
and L means sum all terms. 
If you don't like formulas, then fill in a table like this one. 
XY y X 
SUM A B c 
(SUM) 2 E 
SUM/n F G 
x2 
D 
Step 1: Fill in table. 
Step 2: Sum all four columns, 
obtaining values for A,B,C,D. 
Step 3: Square the sum of the 
x-values and obtain E. 
Step 4: Divide the sums of Y 
and X by n, to obtain means F,G. 
Step 5: Substitute and compute: 
nA-BC · 
a= nD-E b=F-aG 
Answer: Y = aX+b 
OR WRITE A COMPUTER PROGRAM 
TO FOLLOW THE STEPS ABOVE. 
·•~ -· -t,.-~~.~..,....,..-~~-:-.r-.--•--..---~--•-··--•·- ---~--·----- ..... "'··~·""'"'·'il c.._;:,;:,...~,.,;:-·-~.-.;..,.....W"':.r.-• ... ...,..•. - -.', 
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RESOURCE SHEET #6 
SUMMARY OF BASIC STATEMENTS 
(from Robert Lynch and John Rice, Computers: Their Impact 
and Use, Basic Languages) 
+ addition - subtraction *multiplication / division 
A or f exponent 
y = 3(5 + x 2 ) is written on one line in BASIC 
5-3 (3* (5+XA2) )/ (5-3) 
Symbolic Names: One or two characters~ the first one is a 
letter, the second one, if present, is a digit. 
Examples A X B4 G2 
Constant: One to 8 digits, with or without sign and with or 
without a decimal point. May also include the letter E 
followed by a plus or minus sign and an integer (when 
using exponential notation). The maximum size of the 
integer after theE is less than 38. Examples: 37, -37, 
-34.56, 1234.45E+9 -23.45E-13 
Let of Assignment Statement: The Keyword LET followed by a 
variable name, followed by an = sign and ending with an 
expression. Example Let A = Bl + 4.5 
Label A number 
program. The 
are executed. 
which precedes each statement in a BASIC 
label is the order in which the statements 
Examples: 3 LET A= 5 
99 LET B = A+5.4 
10 PRINT A 
Expression An expression is a collection of variables and 
constants with arithmetic operations indicated. The 
expression is correct or legal if the result of performing 
the operations is a single value. A-B*C+5/(6-G2) 
Message A message is a list of string characters in 
quote marks. Any BASIC characters may be used in the 
message except quote marks: "The ANSWER IS" 
Print The word print followed by a list of items separated 
by commas. The items in the list may be variables, num-
bers, expressions, or messages. Example: 22 PRINT X, 
17.42, 1.2*Y, 11 THE ANSWER IS 11 
-:.~ .. "'".--..... --,.,.-~_,...~......,...----~------~-·- .... -·-- --~-···---~------·~.--------.. r,--....... -- -
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~ The keyword DATA is followed by a list of constants 
separated by commas. The constants are placed on the 
bottom of the data stack (program) in the order in which 
they appear. Examples DATA: 17,18,999,-66.1 
Read The keyword READ is followed by a list of variable 
--naffies separated by commas. Values are taken off the top 
of the data stack and assigned in order to the variables 
in the READ list. A number taken off the data stack is 
not replaced. Examples 10 READ A, B, C 
Input The keyword INPUT is followed by a list of variable 
names separated by commas. When the computer reaches the 
word INPUT, it stops and displays ?. The operator then 
types the numbers, separated by commas, as corresponding to 
the variables in the input statement. Example 10 INPUT X,Y 
The operator would type in two numbers: the first for X, 
the second for Y. 
End The keyword END is placed as the last step of any pro-
gram. It tells the control section of the computer to 
cease processing this program. 
Relational Expression Takes the form: 
tional operator) (expression) 
(expression) (rela-
The operators can be =, <, >,< >,. >=, < =. 
equals, less than, greater than, less than 
than (i.e., not equal to), greater than or 
than or equal to. 
These are 
or greater 
equal to, less 
If-then The IF-THEN statement is of the general form 
IF (relational expression) THEN (label) 
If the relational expression is true then a transfer is made 
to the statement whose label is given. That is to say that 
the normal sequence of execution of the statements is 
broken and the next statement to be executed is the one 
whose label is specified. Examples 50 IF K-1 = 0 THEN 200 
Go to The statement uses the keyword GOTO followed by the 
label of some other statement. When this statement is en-
countered in execution the next statement executed is that 
whose label is given. Examples GOTO 999 
Functions ABS (variable) absolute value SQR (variable) 
square root SIN, COS, TAN, ATN used in trig EXP and LOG 
used for logarithms INT integer part, SGN sign, RND random 
number 
.... --. -t~oo:...,..-..,........---.:;-o---~ . ......._--·---· .. -------~---· ....... --~·-··--------- -·-~-----.... ---···~.....-----~ - . . , 
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Name ____________________________ __ 
Topic Test A Central Tendency, Grouping, Variability 
Show work for partial credit. Put answer in blank at the 
right. 
1) Find the mean, median, and mode of 75,53,42,81,42,49,53,80 
Show work below. A) Mean __________ _ 
B) Median~------
C) Mode:.-___ _ 
2) Find the range and the standard deviation of 4,5,7,7,11,14. 
Show work for the standard deviation in the chart below. 
2 
X x-mean (x-mean) Use the square root 
4 table: 
5 number square root 
7 8 2.83 
7 9 3.00 
7 10 3.16 
11 11 3.32 
14 12 3.56 
13 3.61 
14 3.74 
15 3.87 
16 4.00 
A) Range 
B) Standard deviation 
- . .. 
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3) Thirty people are asked to rate how much they enjoyed a 
movie on a scale of 1 (very much), 2 (a lot), 3 (some), 
4 (little), 5 (not at all). The following scores were 
reported: 
3,4,3,2,5,3,4,2,5,3,4,1,2,5,3,4,3,3,3,3,4,2,1,5,1,5,4,2,2,4 
Make a frquuency distribution, histogram, and line graph. 
1 
2 
3 
4 
5 
tally frequency 
histogram line graph 
mark the scales 
.... , -· -;:-·.,...,-.,.....,.._~~..,..~....,....--- __ ... _______ ... _____ --~-··---·---·--·~- ... ·---------:..-.-,·---· 
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TOPIC B SAMPLE TEST Nonnal Curve 
1) On a test the average grade was 75 with a standard 
deviation of 7. If the scores are distributed approx-
imately in a normal curve, find the percentages of the 
scores in each of the following intervals: 
a) 75-82 b) 61-75 c) less than 68 
d) greater than 96 
2) Use tables on p. 332 of your text to find the score on 
the test in problem #1 above which you would expect 20% 
of the students to score. 
(Hint: Use the formula X= mean+ z (st. dev.), where 
you want to find the score X for which 20% of the stu-
dents would score higher, which is the same as finding 
the score X for which 30% of the students would score 
between the mean and X, and the other 50% of the students 
score below the mean). Choose z to be the number in 
the z col. (p. 332) closest to P = 30%. 
3) Any distribution of data for which there are only two 
possible events (heads/tails~ good/bad~ success/failure) 
is called a binomial distribution. If the experiment 
consists of repeating the same activity n times and the 
number of successes is counted, and if it is known that 
the probability of a success on each trial is p, then 
a) the mean number of successes out of n attempts if 
the experiment is repeated many times is 
mean = E n 
b) the standard deviation is fnp(l-p) 
A) What is the mean number of fives to be expected in 180 
tosses of a single die? (for a fair die, p = l ) 
6 
B) What is the standard deviation? 
C) Using the normal curve, within what limits can we expect 
the number of fives to fall approximately 95% of the 
time? 
D) Use the normal curve to predict the probability, rolling 
a fair die, of getting between 40 and 45 fives when you 
roll a die 180 times. 
... ------------- __ .. _ .. _ ...... --~--- ·---- -·--·- --·-- _.,_, ... ~ ...... ---... --,...•:""'---...,-· 
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4) Testing indicates that the lifetimes of a new shipment 
of 1000 BurnBrite lightbulbs are approximately normally 
distributed with a mean of 100 hours and a standard 
deviation of 10. How many of the lightbulbs will last 
between 83 and 117 hours? (Use tables on p. 332) 
These problems will be discussed April 20. Look them over. 
Notebooks will be due during the week of April 23 through 27. 
Please hand in the homework you have been doing and any 
reports (book reports, projects, etc.) which you have not 
previously handed in and which I have n£1 looked at already. 
Your notebook should also include a listing of the work you 
have done, material covered in the CAI lab, and any impres-
sions of work you have done. 
Include in your notebook a sheet which describes your com-
puter program,what it does, how it is run, and what the 
name of the program is so that I may call for it and test 
it. 
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Name ____________________ __ 
TOPIC GRAPHS, LINES, & LINEAR EQUATIONS 
Show all work. 
1) Use the coordinate system below to find the coordinates 
of the labeled points. 
-~ • i FF ~II!' ...... 1 .. lA . I - ~r-. c.- - I -!- - I- ~ - rc r-~ .. - - ... ~ 5 to' -· !- -.. 
r. C>- ~s. 0 • ·, 
fl. ( • ) B( ) c( • ) 
2) Graph the following points by making a heavy dot in 
the appropriate place and labeling with the correspond-
ing capital letter. X(3,-5) Y(-4,-3) Z(0,4) 
(' 
i Jt "!$\-~::=~~ -..... u f-'. - - . !-!- -· f- ,.., - •• 'loPI' ... .. ~ ,- .... - :-- . • ...... 
--... 
• - . 
0 • 
,~ 
... -· --:. ... ~ . ..., .......... ......,._..~__,.., ~ ... ._..,. ... ___ -·- ----- -··~ ---· --~----·----
X 
........ ,... .... ~~. "'·-;~.;; .. ._· ............. _..._.,._~~·-·-'""~- - ,' .. 
364 
3} Graph the set of all points which satisfy the equation 
y = -x + 2. Start by filling in the chart: 
0 2 
4} Find the equation satisfied by all points on the line 
through (1,-2} and (4,7}. 
Show your work. 
Answer ____________________ _ 
-;;.~ ... ~~~~·---·- _, .... _ ... ___ .... __ ... ~ ... --~------
-· • "" ' ...... --!, ..... ~ :-:. • ...-•• , ·-· ....... • ....... ...:...,..... ..... :.,......, __ .,._. - •• 
- .. 
~~~- ~- ----·--
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MATH 102 Homework and Suggested Topic Test E 
INEQUALITIES AND LINEAR PROGRAMMING 
Name ------------------
Show all work and answers on this sheet. 
Part I) Inequalities in one variable 
1) How many integers satisfy -4~ X< 5 ? 
2) How many real numbers satisfy -4 ::; X < 5? 
3) Identify the graph of -4 ::; X ::;_ 5 for x a 
real number 
(LINE, SEGMENT I RAY, OR HALFLINE ) 
4) Identify the graph of X ) 6 as in #3 
5) Identify the graph of X< 6 or X ) 2 as in 
6) Solve for x: 4x + 2 < 10 7) Solve for x 
#3 
-2 ~ 3x + 4 $. 13 
8) Solve for x 
-5x > 15 
PART II) Inequalities in two variables 
1) Does (4, 5) satisfy 3x-2y < 7 (YES/NO) 
~~~·~--'t- _,__.- -- •• 
2) Shade in the region on the graph below 
2x + y~ 4 
Plot. points for boundary line here: 
I X 0 y i 0 
J 
.J ... 
' , 
3) Shade in the region on the graph below: 
2x + y < 4 and x 2 -4 
.... t. :. : 
~ 
.~, 
~~~-+~~P-~~~~~+-~~ 
, 
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..... ·------ -·~-- .. --·------··· ----·-·------· -·~---------~~·~--- -
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4) Find the maximum value of the expression 7x-3y subject 
to the constraints: 
a) x~l: b) y<6j c)x ~ 5: d) x $Y; e)y~ 0 
(A) Fill in the chart 
Intersection 
of lines 
a,b 
In region? 
Yes/No 
(B) Draw the graph below 
I V 
I 
I 
' 
I 
i 
i 
' ; 
~ 
~w 
... -· -;; ~....,....,-~--,...·~---·--~------·--
! 
I 
If yes, value 
of 7x-3y 
. 
-.,-...--·---··-··-·--------~,~-~~- - : .. 
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Name ____________________ ___ 
TOPIC G PROBABILITY 
Show work. 
1. A box contains three green balls, two red balls, and 
one yellow ball. If one ball is drawn at random, what 
is the probability of drawing a red ball? 
Answer ------------------------
2. Suppose a ball is drawn from the box containing three 
green, two red, and one yellow ball and then another 
ball is drawn without replacing the first. 
A) Draw a tree diagram showing all possible outcomes. 
Use G for green, R for red, and Y for yellow. 
B) Find the probability of drawing two red balls. Show 
your work. 
Answer ------------------------
C) Find the probability of drawing a green and a 
yellow ball. 
Answer ------------------------
3. In a group of 50 students, 20 are women, 12 are freshmen, 
and 8 are both freshmen and women. What is the probabil-
ity that one student, chosen at random, will be either 
a woman or a freshman? 
Answer ------------------------
4. In a survey of 100 students, 13 were psychology majors, 
15 were biology majors, 35 were education majors, 10 
were English majors, 7 were political science majors, 
and 20 were business majors. If one person is chosen 
from the group at random, what is the experimental prob-
ability that she is an education major? 
Answer ------------------------
TOPIC I: Numeration and Number Bases 
Homework and Sample Topic Test 
1) What numbers are represented (in the ordinary decimal 
system) by 
(a) .;; fl (! Gi ,. . (. (b) 0/nf\ll! 
(c) ~~ a· n n n '' 1 n 
(d) ·~! ;Ill (e) .0::::1 "-~ 'I .,. Ul ..C: I "c. ill 
"'~ Ill 
Ill 
(f) .,..-;: C-t (g) .t! 
..:.~ c:::. \ I \ 
(h) LIX (i) CCXXIX ( j ) XLDCCVII 
2) Represent the number of elements in the set below 
the 'indicated numeration systems • 
• c: (' "' 0 • 0 • • • (: 0 • .. , • 12 0 0 ~ .. 0 .. • t) • " .. 0 0 • • II) D "' • • 0 0 • Cl 0 II) 0 ., • 0 0 • 
Egyptian Roman 
Zambian Base 
Babylonian Base 
Base 
3) Write 3013 in Egyptian. 
Base Five Hint 54 = 625 
4) Convert to Base ten numerals 
32f. 
~ve 
3214f •. 
~ve 
5) Convert to Base five numerals 
32 ten 
254ten 
10 
Two 
Five 
Roman 
5 and 5 = 3125 
in 
369 
~~"-:-~- ... ·-~-· 
6 ) Add : a ) r? n I ' I I l 
non 11111111 
b) 2034 
+3142f~ve 
f~ve 
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7) Let the following symbols represent the following 
quantities 
A 1 B 2 c 3 D 4 E 16 F 64 
• • • • • . . . . ... 
• • • • • 
" • 0 •• • • • • • 
a) Using these symbols, represent the number of elements 
in the set to the right in an additive-repetitive 
system with base 4. 
b) Using these symbols, represent the number of elements 
in the set to the right in a place-value, base 4 
system. 
- ' .. 
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TOPIC J 
Some Suggested Sample Questions for the 
Test on Computers 
1. Fill in the following chart which shows the parts and 
interrelationships between the parts of a computer 
l . } t_L-=- -- ·-~~ ,--·c----·-·----j·-l ( ) . .....--)' !... ·-·"·. •·••• ------~- - - -··-· --·! .... -· ·- -- -·· -• ·- -- .. --~-----1 --------····-·----. 
[t--==~=~ 
2. List four devices or methods of putting data into a 
computer. 
3. Limited data and temporary programs, stored inside the 
computer, are stored on~~~------~---------
4. List four devices on which data and programs are stored 
outside the computer. 
5. List four kinds of output units. 
6. Explain why data is stored and transmitted in binary 
form. 
7. Write the decimal number 79 in binary form. 
8. Write the binary number 10110011 in decimal form. 
9. Write 5.943E+07 in standard form. 
10. Write 6.7E-06 in standard form. 
11. Write -79200000 in scientific form (computer). 
12. Write .00000792 in scientific form (computer). 
13. Fill in blanks: When you type the following commands 
or program instructions, what part (or parts) of the 
computer (from your diagram in problem 1) are activated 
or used? 
A. GET-STEEV Transfers program from to 
B. RUN 
c. LIST 
D. IF I THEN 
E. LET X = 5 
F. X + 2*Y 
G. INPUT X (transfers data from to ) 
H. PRINT Y (transfers data from to ) 
I. SAVE--MAT (transfers program from to ) 
. ··--- ·--~---- ---·--··· ---~----- -· ~.' ...... ,.~!I' 'i..~:>'o..·-··--·-.!'-------,..,_._,. .. ~- .. 
14. Write the algebraic expression in computer symbols 
2-h/ 
z = 
3y - 5 
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15. Step through the following program, completing the 
lists of values for S, X, and F at line 10 and 30, as 
many times as the program passes through these lines. 
Find the printout. 
5 LET S=O 
10 READ X,F 
20 IF X=O THEN 50 
30 LET S=S+X*F 
40 GOTO 10 
50 PRINT "SUM IS" I s 
60 DATA 1,7,2,4,3,8,0,2,4,7 
70 END 
........ -<;·-~ .... ~~...,......__,. ... ~·-----·--·------·--···-
s X F 
line 10 
line 30 
line 10 
line 30 
etc. 
line 50 
--~-- ,. ___ . -· -- ·-~ ... -~~---·~-~~-~--· -
TOPIC K LOGIC AND SETS 
Homework and Sample Topic Test 
1) Let p: John rode a bicycle 
Write in words: 
A) 
B) 
C) 
p and q __ _ 
q ~(not p) 
(not q) or p 
q: Mary skipped rope 
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2) If she runs with the ball, then she will not score two 
points. 
A) Converse 
B) CONTRAPOS ITIVE 
C) Inverse 
3) Indicate whether each statement below is true or false. 
Use "Ice cream has sugar" as true and "Donuts are sour" 
as false. 
A) Ice Cream has sugar and donuts are not sour. ________ __ 
B) If Ice Cream has sugar, then donuts are sour. 
C) Ice cream has sugar OR donuts are sour. 
D) If donuts are not sour, then ice cream does not have 
sugar. 
4) A solemn promise was made: "If you loan me $5.00 I 
will come see you on Monday. 11 What conclusion can you 
draw? (Write Yes, No, or Can't Tell) 
A) You loaned me $5.00. Did I visit you on Monday? ________ _ 
B) I came to see you on Monday. Did you loan me $5.00? ____ 
C) I did not come to see you on Monday. Did you loan 
me $5.00? __________ _ 
D) You did not loan me $5.00. Did I come to see you on 
Monday? ____________ _ 
- ...... .,..,_,.,...,~.F___,,_..~---...... •---·--------·--•-• 
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5} Negate the following: A} All students in this class 
will get an A. 
B) Some students in the class will get an A. _____________ __ 
C) Either she will get an A or get a B. ____________________ __ 
D) She will take Math and she will take English. __________ __ 
6} Let the universal set be U = set of letters of the 
alphabet 
A = [first ten letters of the alphabet} 
B = {g,h, j ,k,m,p,u,v} 
C = {u,v,w,x,y,zJ 
i} List the elements in A -------------------------------------
ii} Write a verbal description of C -------------------------
iii} List the elements of B Uc --------------------------------
iv} List the elements of B (\A ----------------
of B' () A. ________ _ 
v} Which are true? c £A ___ _ m~B. ___ _ 
A C. C' 
7} Income tax statement: "If you are married and filing a 
joint return and if the total income is under $13,125 
and allowable deductions total more than $2100 or your 
income is between $13,125 and $17,500 and deductions 
exceed $2800, then you should itemize. 11 Should the 
following couple itemize?--marrie~ joint filing, 
income $17,000, deductions $2900? Show work -------------
_.,.,, •·. ~.-<;.~'t:P__,., _,....., ~> --c',~. -W -..,., .......... ---·-·•-------· .. -•-·""" ---~--·-..-..-·~-··--·--·--:·-------~.-..--·· 
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Math 102 Measurement Topic Ll 
Name ____________________ __ 
Show work. Nearest hundredth. Give units. 
1) A right triangle is also isosceles with the length of 
the arms equal to 10 em. What is the length of the 
hypotenuse? (Use a calculator) 
2) The area of rectangle whose length is 15cm is 180 sq em. 
What is the width of the rectangle? 
3) Find the perimeter and the area of the triangle below. 
4) Find the circumference and ar2a of a circle whose radius 
is 12 inches. 
5) A cone has a circular base with radius 10 em. Its 
height is 24 em. Find the volume. 
6) The base of a prism is a square with side of length 
6 feet. Its height is 10 feet. Find the volume. 
7) Find the volume of a sphere with radius equal to 
12 inches. 
~w~x;:;-~- .. ~-w;--_ ... ·-:-·-· 
·:··.- . 
8) A pentagon has regular sides of 5 inches each. The 
apothem is 4 inches. Find the perimeter and area. 
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Homework and Suggested Topic Test Questions 
Topic L2 Consumer and Business Mathematics 
1) Mary N. Happy, who sells cosmetics, makes $50 a week 
plus 15% of her sales. 
A) If she sells $800 worth of cosmetics in a week, 
how much will she make in that week? 
B) Find 15% of 180. 
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2) A) A calculator, whose original price is $75, is being 
sold at 30% discount. What is the sale price of 
the calculator? 
B) What percent of 200 is 160? 
3) A) 18% of what number is 160? 
B) If the price of a coat is raised from $75 to $90, 
what is the percent of increase? 
4) A) Use the tables of compound interest in the text to 
find the total amount (including interest) in a 
savings account after 3 years at 6% per year, com-
pounded quarterly, if $500 is the original amount 
in the account. 
B) Use the tables of compound interest in the text to 
find the amount you must put in a savings account 
now (present value) at 18% per year, compounded 
monthly, if you are to have $200 in 2 years. 
5) How long would you need to leave $200 in a simple inter-
est savings account at 8% per year in order to get an 
interest of $30? 
6) You buy some furniture costing $1400. The store 
charges 10% addon interest. Find the total interest 
if you finance the furniture for 30 months. 
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APPENDIX E-17 
Computer Programming 
Math 102 Assi~~ent for Writing 
Each student will need to write a program of her own on the 
HP2000 in the BASIC language. 
Requirements: The program should be original. 
It should consist of at least ten steps. 
It should involve at least one IF THEN and one GOTO state-
ment. 
It should involve at least one READ or INPUT statement and 
a PRINT statement. 
It should involve at least three data entries. 
Producing the program consists of four steps: 
1) Experimenting with a program on the computer and con-
sulting with the instructor. 
2) Entering the program in final form into main storage. 
Checking to see that the program is entered correctly 
is done by typing LIST and then by typing RUN. Be 
sure your answers obtained are correct. 
3) Once the program is entered in its correct, final form, 
it should be named and saved on magnetic tape. Please 
use your initials to name your program: type 
NAME-(three letter name). 
SAVE 
4) Present a written copy of your program and the name you 
have given to the program to the instructor. 
Examples of possible programs: 
1) Evaluate a complicated formula. 
2) Keep track of payments and deposits in a check book. 
3) Solve a linear programming problem by testing many 
different ordered pairs. 
4) Keep track of an inventory of three or four items in a 
store. 
5) Take a set of numbers and arrange them in ascending 
order. 
6) Find the mean of a set of grouped data--do other sta-
tistics. 
7) Other 
A successfully run program, approved by the instructor, 
satisfying the requirements above, will count 100 points, 
and will be equivalent to a test score on your lab grade. 
--~-····--·-··- .. ·--·-~----~----~,..,....~-·· - -. 
APPENDIX E-18 
Suggestions for Writing Your Conclusion 
Each student should write her own report, indicating the 
results of the survey or project as she interprets them. 
The report should be concise but it should cover the fol-
lowing items. 
1. What are you trying to find out? Why is the question 
important to you? 
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2. How was your sample chosen--with a table of random num-
bers, by handing out questionnaires to people you met, 
or by some other means? 
3. What is the summary of your data? Use tables and charts 
(see below). Here you present means and modes, percen-
tages, histograms, standard deviations, cost comparisons, 
graphs, etc., depending on which of these are appropriate. 
4. What outside resources and references did you use? 
5. What is your conclusion? How do the data support your 
conclusion? If you did not use a random sample, how much 
can you generalize your results to the entire "population" 
of people under discussion, i.e., how do you know that 
you didn't ask persons with just one point of view which 
would bias your results? 
Example of a table: 
The question "how much time, on the average, do you spend 
doing homework outside shhool ?" This was <.<.sked of high school 
students in four categories: boys in a co-ed school, girls 
in a co-ed school, boys in an all-boys school and girls in 
an all-girls school. 
Response 
None or almost 
none 
Less than ~ hr. 
About ~ hr. 
About 1 hr. 
About l!z hr. 
About 2 hrs 
3 hours or more 
Totals 
Mean # of hrs 
.. , -·. -t_-.-
Coed 
boys 
N % 
10 4.1 
11 4.6 
31 12.9 
53 22.0 
43 17.8 
55 22.8 
38 15.8 
241 
1.49 
Boys 
single 
N % 
15 3.3 
10 2.2 
16 3.5 
75 16.6 
86 19.0 
167 36.9 
84 18.5 
453 
1.76 
Coed 
girls 
N % 
14 8.5 
9 5.5 
15 9.1 
22 13.3 
33 20.0 
49 29.7 
23 13.9 
165 
1.50 
Girls 
single 
N % 
11 3.0 
19 5.2 
21 5.8 
58 15.9 
55 15.1 
145 39.8 
55 15.1 
364 
1.68 
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(This example was taken from David R. Cook and N. Kenneth 
LaFleur, A Guide to Educational Research, second ed. (Boston: 
Allyn and Bacon, 1975), p. 65. 
The conclusion made in this experiment was that significant 
differences were found with co-ed students, both boys and 
girls, reporting that they spent less time than students in 
the single-sex schools, in studying. 
APPENDIX E-19 
FINAL EXAMINATIONS 
Both Classes 
-···· -· -~--....--..... ~.--c--...,-.·-~-·--···-··------···----.-.~···---·-
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FINAL EXAM - COMPARISON SECTION 
Name ____________________________ __ 
Math 102-02 
This test has two parts. The first will be done without 
notes, text, or calculator. When you have finished, bring 
your first two pages to the desk or raise your hand and 
receive the second part of the test. There are 110 points 
possible, so you will have choice or a chance for extra 
credit. 
1 (12 points) True/False CircleT or F depending on 
whether the statement is true or is false. 
T F A) (-2,3) satisfies the equation 2y = -4x + 2. 
T F B) (4,3) satisfies 2x - 3y ~ 7 
T F C) In linear programming, given a region R of points 
satisfying some constraints, the maximum of a 
profit formula P = 3x + 4y will occur at one of 
the corner points of the region R. 
T F D) Every vertical line crosses the graph of a function 
exactly once. 
T F E) The graph of 5x = 7 is a horizontal line. 
T F F) The graph of y = 2x2 + 1 is a parabola. 
T F G) The graph of 3x2 = 5 - 2y2 is a hyperbola. 
T F H) The set of all points 3 units from a fixed point 
is a circle. 
T F I) In a computer program PRINT X transfers data from 
main storage to output. 
T F J) In a computer program SAVE transfers a program from 
auxiliary storage to main storage. 
T F K) In a computer command, LIST transfers a program 
from main storage to output. 
T F L) On some computers, a card reader is used as 
an input device. 
FINAL EXAM - COMPARISON 
2) Fill in the following chart which shows the parts and 
interrelationships between the parts of a computer. 
(4 points) 
l ) 
\-~ t : ] \' 
I ] 
3) (6 points) 
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-1 
A) Write 7-34E+l0 in 
standard form 
B) Change the binary number 
10011001 to base ten form. 
4) (8 points) Consider the equation y = 2x2-3. 
each ordered pair below so that it satisfies 
Then graph the equation. 
(0 I (11 
Show work for the above 
ordered pairs. 
c I 
L ..,. 
-
(-2 1 ( 2 t 
i ~ 
• 
--
' -
~~ 
Complete 
the equation. 
(3 1 
····- -· --;.-·- --- ... --~---- .... -- •. .- --~-·---·------ ...... ~ •. --.. •. ,, • ., ->-a-.;..:.:•-~--·~-: ... .-.·~·-· 
. •, 
~;P";"'-'""''r:::; .. ·' :-..-:-------:-·-· 
( i1l·. 
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FINAL EXAM 
EXPERIMENTAL AND COMPARISON 
Math 102 Final Exam 
TOPIC A STATISTICS 
Part II: Put answers where they can easily be found at the 
right. 
1) Find the mean, mode, and median of 24, 26, 23, 29, 
23, 29, 20, 23, 28 (Show work) 
(20 points) Mean _________ __ Mode. _______ _ 
Median ·-------
2) Fill in the chart below to find the standard deviation 
of the numbers 8,8,10,14,16,16. Also find the range. 
Score Score-mean 
8 
8 
10 
14 
16 
_1.§_ 
Sum 
Sum/total 
Square root table 
Number Square root 
9 3.00 
10 3.16 
11 3. 32 
12 3.46 
13 3.61 
14 3.74 
15 3.87 
16 4.00 
2 (score-mean) 
Range 
Standard dev. 
3) Draw a histogram for the following 
frequency distribution. Label your 
two axes. 
Score 
20 
21 
22 
23 
24 
frequency 
4 
6 
7 
5 
3 
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-;.-..--~~~ .... ____ ----~- ______ ._,...., -----~-·------. ·-·· -~ ·-·- ..... ---~. -_...-;-lV"".r.--~-- .. 
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FINAL EXAM 
EXPERIMENTAL AND COMPARISON 
TOPIC C - GRAPHING 
Part III (10 points) 
1) Graph the points by placing a dot and the capital letter 
in the appropriate place. 
X (6,2) Y(-3,2) 
-
Z(0,-4) 
v 'I' 
M 
"' 
-" X 
2) Graph the set of all points which satisfy the equation 
2x+3y = 12 
X 0 
y 0 
~v 
.,._ ..... 
r X 
'ill. 
3) Find the equation of the line which goes through (4,-3) 
and (-2, 5). 
.... - -~-··~ ......... --.............----. --------~------···- ·-~--·------ ·-· ---·-_......,._. ___ ,._,..... .. _,._w•--:r-·-.. :' - .· 
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FINAL EXAM - COMPARISON 
Math 102 
TOPIC: NORMAL CURVE 
OPEN BOOK You may use your text, notebook and calculator, 
PART IV (15 points) 1) On a test the average grade was 75 
with standard deviation of 7. 
A) Draw the normal curve on the axes below and put in the 
scores and percentages in the appropriate places. 
B) If the scores on this test are distributed approximately 
in a normal curve, find the percentages of the scores in 
each of the following intervals: 
68-75 ___ _ B) 82-96 ____ _ C) Below 68 ________ __ 
2) A manufacturing firm makes aluminum cans for Eoca Aloe 
and its quality control research shows that 90% of the 
cans made are satisfactory. The cans are sent in boxes 
of 400 each. (This is a binomial distribution with a 
probability of success equal to .9.) 1000 boxes (of 400 
cans each) are sent, and the number of cans which are 
satisfactory in each box are counted. The 1000 scores 
are distributed approximately in a normal curve. 
A) The number of satisfactory cans out of the 400 are 
counted. What is the mean? (show your computations) 
B) What is the standard deviation? 
C) What percentage of the scores would you expect to get 
more than 366 satisfactory cans in a batch of 400? 
-;,·~--~...,...-~~--,-... _ .... _____ ~------·-~-· ... ----. --··------ ·-· --·---.... ·---. ..,-,...... .. --... ·:T">--~·' 
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3) If scores on a scientific experiment are normally dis-
tributed with a mean of 100 and a standard deviation of 
20, what percent of the scores will be between 100 and 
118? Use tables in text. 
~ ------·-- ... --·---~·~- .. _...., ---.---·----- •. ·~·-··,··~. "·-~~.--....... ~ .. --:-.-~....,_ ..... ;.,.~. - .· 
'• 
~'"-'"""''!'".":;:::,."'[_:_..,... __ Ooow-•• 
1<' ' ' 
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FINAL EXAM - COMPARISON 
Name ______________________ _ 
102-02 p. 4 
Part V 15 points (Open book) 
1. Write the algebraic expressions= 3y + x 3/5 + 2.5 in 
the symbols of a computer program. 
2. Step through the following program, completing what is 
printed out whenever line 50 is reached, as many times 
as the program passes through line 50. 
10 READ X,Y 
20 IF X=O THEN 100 
30 LET Z = 4~X + Y 
40 IF Y < 0 THEN 50 
45 LET Z = X 1\2 - y 
50 PRINT 11 X AND Y ARE 11 X,Y ,"AND z IS 11 Z 
60 GO TO 10 
80 DATA 4,7,4,-7,-2,3,0,0,2,-4 
100 END 
PART VI (15 POINTS) (Open book) 
1) Graph the following linear inequality: 
y ? 2x -3 
Show work for finding two points on the line y = 2x-3 
first. Then draw the line, shade the region. 
2) Graph the following: shade in the points satisfying 
the constraints. 
y < 2x-3 
X~ 2 
(see following page for graphs) 
·------ - --- -··· ---..,--.-· ·---- ·----·- --.·---~. - ....... .-----...-:r.-. ........ ~~ - .· . .. 
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(1) 
j 
..;_ '-- ., 
~~ 
(2) y 
j 
"' , 
v 
... , -·.- .--:_·..-. ..-,_,...,.....,...,..,~,---. . ~--.-.~----,._-------#'"''-··· ----·-~-· ---~---#'· __ _, ____ w-~~-·-.. -~ ~· '9. 
FINAL EXAM 
COMPARISON AND EXPERIMENTAL 
General Questions 
1) Suppose in a store you wish to find out which is the 
best buy: a dozen small eggs, a dozen medium eggs, a 
dozen large eggs, or a dozen extra large eggs. You 
391 
have as much time as you need to investigate. How would 
you go about deciding what the best buy is? 
··~ ... -;.~ .... ~...,.. ~-, ..... ---~..,-.· ------ - .... --- __ ._ ... _,. _ __. 
2 ) 
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FINAL EXAM 
COMPARISON AND EXPERIMENTAL 
A questionnaire is given to 50 people at random with the 
following results. A score of 
1 is assigned to a choice of strongly agree, 
2 is assigned to a choice of agree 
3 is assigned to a choice of no opinion 
4 is assigned to a choice of disagree 
and 5 is assigned to a choice of strongly disagree. 
The frequency distributions of the two questions are given: 
Question 1: Boys do better 
Strongly agree 
Agree 
no opinion 
disagree 
strongly disagree 
Score 
1 
2 
3 
4 
5 
Question 2: Boys do better 
Strongly agree 
Agree 
no opinion 
disagree 
strongly disagree 
Score 
1 
2 
3 
4 
5 
in math than 
frequency 
15 
girls 
17 
3 
10 
5 
in English than 
frequency 
6 
10 
10 
15 
9 
girls. 
Find the mean for each question. 
#1 #2 _____ _ 
How would you analyze the results of the survey as to the 
opinions of those questioned? 
.. ,,.., -·:· -~-...,,._,._..,...,.--~~--..,r-.·--·- -~---.--_.. _ _._..,_,_. --~--··---------·~-·-.,..------;··~<:"'·--_,.,.,_ - ,' . . -.., 
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FINAL EXAM 
EXPERIMENTAL SECTION 
TOPIC TESTS: Choose four topics. Put answers on separate 
sheets of paper. Put your name on each sheet. 
Topic A - Statistics (Experimental students were given the 
same questions as Part II of the Control section test) 
Topic B - Normal Curve (Experimental students were given the 
same questions as Part IV of the Control section test) 
Topic C - Graphing (Experimental students were given the same 
questions as Part III of the Control section test) 
COMPUTER: J 
1) Write the word true or false: 
A) In a computer program PRINT X transfers ~ from 
main storage to output. 
B) After running a computer program, SAVE transfers 
a program from auxiliary storage to main storage. 
C) The computer command LIST transfers a program from 
main storage to output. 
d) On some computers a card reader is used as an input 
device. 
2) Fill in the following chart which shows the parts and 
interrelationships between the parts of a computer. Do 
this on your answer sheet. 
~r-r>=-
3) A) Write 7.34E+l0 in standard form. 
B) Change the binary number 10011001 to base ten form. 
C) Change 75 to base two (binary) form. 
4) Write the algebraic expression x = 3y + x 3 / 5 + 2.5 
in the symbols of a computer program • 
.. , -·. -~---.--.... ~. - ................. ...,.. --~-·····----· -~·-·--·,.~--~.----,.-·:r.--... ~~~. - .· .. 
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5) Step through the following program, completing what is 
printed out whenever line 50 is reached, as many times as 
the program passes through line 50. 
10 READ X, Y 
20 IF X=O THEN 100 
30 LET Z = 4~X+Y 
40 IF Y < 0 THEN 50 
45 LE1' Z = X 1' 2 - Y 
50 PRINT "X AND Y ARE"X,Y, "Z IS" Z 
80 DATA 4,7,4,-7,-2,3,0,0,2,-4 
100 END 
PROBABILITY G 
1) A bag contains 3 red, 4 yellow, and 2 blue balls. 
A) What is the probability of drawing 1 red ball? 
B) A ball is drawn, removed, and a second ball is drawn. 
What is the probability of drawing two red balls? 
Draw a tree and label the branches. 
C) A ball is drawn, removed, and second ball is drawn. 
What is the probability of drawing a yellow and a 
blue? 
2) A toy set has 22 red pieces, 15 small pieces, and 8 small 
red pieces. There are 50 pieces in all. What is the 
probability of choosing a red OR a small piece if you 
choose a piece at random. 
INEQUALITIES E 
1) How many integers satisfy -3 < x < 4? 
2 ) How many real numbers satisfy- -3 ~ x < 4? 
3) Identify the graph of x~ 3 for x a real number? 
LINE I SEGMENT I RAY I HALFLINE) 
4) Identify -3< x~ 6 as in question 3. 
5) Identify the graph of x < 2 or x > -5. 
6) Solve for x: 2x - 3 < 4 
7) Solve for x: 7x + l>-3x- 3 
8) Solve for x: -3 ~ 2x-+ 1~ 5 
9) Solve for x: -2x > 4 
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FINAL EXAM 
EXPERIMENTAL SECTION 
TOPIC Ll LINEAR EQUATIONS 
Find the solution for each of these equations. Write your 
answer in the corresponding blanks. For equations involving 
integral and fractional coefficients, your answer should be 
an integer or common fraction, written in REDUCED IMPROPER 
FORM. For equations involving decimal coefficients, your 
answer should be written as a decimal, to the nearest tenth. 
Show your work. 
1) -6x = 24 2) 4 -gx: = 20 
3) 7x - 14x = 7 - 17 4) 
5) 6x + 5 = 9x - 7 6) 3 7 7x + 4 = 4x - 4 
7) 4(x+8) = 5(x+7) 8) 7(x-14) = -63 
·-··· --·--- ... _,,, ___ ,__~-.-W":r ...... .,..~":·' ~ .. 
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FINAL EXAM 
EXPERIMENTAL SECTION 
Topic L2 MEASUREMENT 
Show work. Round answers to the nearest hundredth. Always 
include unit. 
1) Find the perimeter and area of the rectangle below. 
'--------''' t "' 
Perimeter -------
Area ______________ __ 
2) Find the perimeter and area of the triangle below. 
l.q I'll"' 
Perimeter -------
Area. _______________ __ 
3) Find the circumference and area of a circle whose radius 
is 5 em. Use n = 3.24. 
Area _____________ ___ 
Circumference ______ _ 
__,_..... __ . ___ --·· -·-- .. ~·<·----·-.-w·-.r.-· ..... :-~ - ,' . .. 
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4) The area of a circle is 154 inches. Find the radius. 
Use 7T = 2 ~ 
Radius ______________ _ 
5) A regular pentagon has sides of length 2.5 meters and 
apothem 4 meters. Find the total area of the pentagon. 
6) The length of a box is 2 inches, its width is 1.5 inches, 
and its height is 4 inches. Find the volume. 
7) The base of a square pyramid has an edge of 7 inches. 
The height of the pyramid is 15 inches. Find the volume. 
8) The base of a triangular prism is a right triangle with 
arms (sides) 3 inches and 4 inches, and hypotenuse of 
5 inches. The height of the prism is 8 inches. Find 
the volume. 
9) Find the volume of a sphere whose radius is 6 em. 
····~- -:.-.. -"" -~-.~---.-- -·--- .. ---· ... -- ... -- ---.,._....--·--------·· --~·-_... ..... ---~---·-· .... ·:r ...... ...,~, - .· 
Part l 
APPENDIX F 
Group on Crime 
Preliminary Response 
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Feb. 9. 1979 
I feel that there are some changes in the questionnaire 
which are pretty important in order to make the results 
more meaningful. First, there are some misspelled words 
(fell instead of feel) which should be corrected. Second, 
you need a sentence or two of introduction explaining the 
purpose of the questionnaire and telling the respondents 
how to answer. 
In question #l you need to complete the sentence: 11 more prev-
alent in today•s society than what? Put strongly agree 
and agree in order. Do you want the students to circle the 
correct answer~ if so, give directions. 
In order to have a more meaningful questionnaire, I suggest 
that questions 6,7,9,10 allow five possible answers: 
strongly agree, agree, undecided, disagree, and strongly dis-
agree. Why not include these with #l at the beginning, and 
give just one set of instructions? 
Question #2: Do you expect the student to answer the question 
about feelings toward source of crime in her own words? If 
so, you should give more space. 
In question #8, you have not left enough space for an answer. 
Perhaps it should be the last question, and you can direct 
students to answer on the reverse side. 
Please note the importance in questions 1,6,7,9,10 of having 
five different answers with a scale of 1,2,3,4,&5. Yes/No 
questions don't tell you very much in complicated issues 
such as this. The respondent needs more latitude in her 
choices. Then your group can take the scores for each ques-
tion separately and find the mean, median, mode, standard 
deviations, and histograms. 
How do you expect to choose your sample of students? It 
must be random--each person in the total group must have an 
equal chance of being chosen. -
How do you expect to get the questionnaires filled out? 
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Part 2 
APPENDIX F 
Comments to Juvenile Crime Group 
Final Response 
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April 20, 1979 
This is a thorough report. The questionnaire shows a lot of 
thought and the random sampling method is appropriate. Your 
presentation of the data could have been improved if all the 
data, frequency distribution, a table of percentages, and 
the mean for each of the questions were to have been put on 
a single page. For example: 
1 2 3 4 5 
Question Strongly Agree ndecided Disagree Strongly Mean 
agree disagree 
1 23 54.8% 15 35.7% 3 7.1% 1 2.4% 0 0% 1.57 
2 6 14.3% 3 7.1% 2 4.8% 36 85.7% 0 0% 3.85 
Etc. 
This chart, along with question in a compact form, all on 
one page, or perhaps two pages, would have made analyzing 
the data much easier. The work.in computing the data is 
done correctly. The histograms are nicely done and give a 
good visual display. Your data from question 8 is categorical 
data and does not have any meaning when computing a mean. 
Simply find the mode. 
The outside reading and reproduction of tables from the two 
experimental reports shows a good deal of work and attention 
to detail. The data show how statistics is used in surveys 
in political science. But there is no summary of the results, 
no statement of what the data show and I can not see any 
relationship to the questions on the questionnaire. I thought 
the purpose of the outside reading was to try to find data 
indicating the "real" answers to the questions on the ques-
tionnaire, so as to compare the opinions of the students at 
Bennett with what. is "actually true." I don't believe that 
this was done at all. 
The reports from the students in the group are interesting, 
thoughtful, and rather brief. I expected to see a more 
detailed analysis of the data from the questionnaire--to 
take the frequency distributions, means, and modes, and 
analyze what each result means in terms of the questions. 
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While a lot of work went into preparing the questionnaires, 
passing them out, and tallying the data, more work in say-
ing what the data implied would have made this report more 
useful. 
To make this a really outstanding report, data concerning 
your questions, rather than projects involving helping juve-
nile offenders, should have been part of the report. 
